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Abstract 
Surface geochemistry, the measurement of near-surface hydrocarbons, has 
been used by the petroleum industry for more than 80 years to explore for 
subsurface petroleum deposits.  The fact that hydrocarbons generated deep in 
the sedimentary section from thermally mature organic rich rocks can migrate 
to the near-surface in measurable concentrations is well documented but the 
methods currently used by industry to extract and measure these near-surface 
migrated hydrocarbons have not been rigorously tested. One of the key goals 
in this PhD research effort is to determine the best procedures to remove 
migrated hydrocarbon gases (C1 to C5) from near-surface marine sediments 
with minimal fractionation based on laboratory experiments and field 
calibration studies. A second key goal is evaluate procedures to evaluate near-
surface sediment gasoline range hydrocarbons (C5 to C10). The middle boiling 
point range hydrocarbons have been largely ignored in surface geochemistry 
and could contain valuable information to determine subsurface petroleum 
generation, migration, and entrapment. Lastly, it is extremely important to 
understand how best to evaluate and integrate the near-surface gas and 
gasoline range measurements into an overall understanding of the petroleum 
charge system, specifically the source, maturation, and migration elements for 
evaluating prospect charge. 
Empirical observations from the global surface geochemical database and 
laboratory experiments demonstrate that several of the surface geochemical 
methods currently used by industry do not accurately remove the near-
surface migrated gases thus providing biased and incorrect results.  
The acid extraction (Horvitz adsorbed method), microdesorption, and ball 
mill (occluded) bound sediment gas extraction methods all provided gas 
compositions and isotopic ratios significantly different than the charge gases. 
The extracted bound gases contain elevated wet gas (C2 to C5) relative to the 
charge gases. These results are similar to what was noted in the global surface 
geochemistry database. In addition, the laboratory results indicate we do not 
fully understand sediment bound gas process. Thus the bound gases may not 
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properly reflect the composition or isotopic ratios of the migrated 
hydrocarbons.  
Three interstitial sediment gas methods were examined as part of my 
research efforts, two canned headspace with different preparation and 
laboratory procedures; and a new extraction method designated as the 
disrupter. One of the headspace methods and the new disrupter gas 
extraction method provided gas compositions and isotopic ratios very similar 
to the charge gases. One of the headspace can methods provided highly 
variable gas compositions due to can leakage and preparation procedures. In 
general the interstitial hydrocarbon gases when properly collected and 
evaluated can provide critical information on the presence of mature source 
rock at depth.  
The gasoline range plus hydrocarbons are rarely examined in surface 
geochemical studies due to the great difficulty in extracting this boiling point 
range of hydrocarbons. The SPME method, in conjunction with the disrupter 
chamber, has been shown from laboratory evaluation to accurately remove 
and reflect gasoline range hydrocarbons in marine sediments. Choosing the 
most efficient fiber, optimal boundary conditions, and limitations is very 
critical. Early field testing has shown the gasoline range hydrocarbons are 
heavily bacterially altered in most near-surface marine. Despite these issues, 
the gasoline range plus hydrocarbons have great potential in determining the 
source and maturity of the migrated hydrocarbons in near-surface marine 
sediments. Thus near-surface sediment gases and gasoline range 
hydrocarbons, when properly collected and extracted, can be used as 
indicators of subsurface generation and entrapment as shown in the 
observation with the global surface geochemical database and laboratory 
experiments.                      
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Chapter 1: 
Introduction 
 
Surface geochemistry methods in petroleum exploration 
Surface geochemistry, the measurement of near-surface hydrocarbons, has 
been used by the petroleum industry for more than 80 years to explore for 
subsurface petroleum deposits (Sokolov, 1935; Rosaire, 1939; Kartsev, 1959; 
Horvitz, 1939 and 1985a).  The fact that hydrocarbons generated deep in the 
sedimentary section from thermally mature organic rich rocks can migrate to 
the near-surface in measurable concentrations is well documented (Horvitz, 
1981 and 1985b; Duchscherer, 1981; Jones and Drozd, 1983; Klusman, 1993; 
Schumacher, 1996; Abrams, 1996a and 2005).  The exact mechanism which 
leads to the vertical migration of hydrocarbons from a petroleum charged 
reservoir or source rock is not as well understood.  There has been much 
debate over the years as to as to how hydrocarbon fluids and gases migrate 
through the overlying sedimentary column and into the shallow near-surface 
sediments. Proposed mechanisms range from effusion (bulk flow) to diffusion 
(Price, 1986; Klusman and Saeed, 1996; Kross and Leythaeser, 1996; Saunders 
et al., 1999; and Brown, 2000).                  
Surface geochemical measurements are used as indicators that a 
petroleum charge system is present; i.e. thermally mature organic rich source 
rocks have generated and expelled hydrocarbons.  This is a very important 
observation in frontier basins where there are few or no well penetrations and 
limited seismic data.  Many frontier exploration failures are related to the lack 
of petroleum charge and not the absence of a trap or presence of a poor 
reservoir.   Near-surface (upper 5 to 10 meters) geochemical surveys can also 
be used as a prospecting tool in petroleum basins with documented near 
vertical migration (leakage above the charged structure).  The hydrocarbons 
can leak vertically to the near-surface sediments creating a surface 
geochemical signature. This near-surface geochemical anomaly (elevated gas 
and/or liquid hydrocarbons; or microbiological communities) will provide a 
generalized outline above the subsurface trapped hydrocarbons (field). These 
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features are well documented in the literature (Schumacher and LeShack, 
2002).  Not all petroleum accumulations have surface expressions that exactly 
reflect subsurface distribution. This is due to the complex relationship 
between the mature generating source rock, hydrocarbon trap, and near-
surface hydrocarbon migration processes that link these discrete events 
(Thrasher, 1996; Abrams, 2005).  
The near-surface expression of hydrocarbon migration varies greatly due 
to the changes in leakage rates, seep concentration, major direction of bulk 
flow, and near-surface processes which can alter, mix, or block seepage.  Rates 
and volumes of hydrocarbon seepage to the surface control the near-surface 
geological, geophysical, and biological responses (Roberts et al., 1990; Roberts 
and Carney, 1997) and, thus, the sampling program and analysis required to 
detect hydrocarbon leakage effectively.  
1.2 The Petroleum Seepage System 
The Petroleum Seepage System as defined in Abrams (2005) is the inter-
relationships among total sediment fill (amount and rate), tectonics 
(migration pathway), hydrocarbon generation (source and maturation), 
regional fluid flow (pressure regime and hydrodynamics), and near-surface 
processes (Zone of Maximum Disturbance, Abrams, 1992).  Key elements of the 
Petroleum Seepage System is summarized in Table 1.1 and discussed in 
greater detail below. 
1.2.1 Seepage activity 
 Seepage activity is defined as the qualitative expression of relative leakage 
rates (Abrams, 1989) with no specific relationship to migration mechanism. 
The seepage activity can be active, prolific ongoing leakage from subsurface to 
near-surface sediments. The offshore Gulf of Mexico region is a good example 
of active seepage (MacDonald et al., 1989 and 1996). In areas of active seepage, 
hydrocarbon movement to the near-surface is not always continuous, but can 
be episodic (Roberts and Carney, 1997; Quigley et al., 1999; MacDonald et al., 
2000; and Abrams and Boettcher, 2000).  Variation in the sealing capabilities 
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along major fault and fractures over time is believed to contribute to the 
episodic movement of hydrocarbons to the near-surface (Abrams, 2005). 
 
Table 1.1 Key elements of the Petroleum Seepage System; seepage activity, 
seepage type, migration focus, and surface disturbance. 
 
Petroleum Seepage 
System 
Key Elements 
Description 
Petroleum Seepage System 
Elements 
ACTIVITY qualitative expression of leak rate 
active prolific ongoing high rate leakage related to 
open fault-fracture effusive Darcy flow  
passive slow leakage low level related to poor 
migration pathway system and/or limited 
subsurface generation and/or charge 
TYPE relative concentration migrated 
hydrocarbons 
Macro large concentrations 
Micro low concentrations 
MIGRATION FOCUS major direction leakage to surface 
vertical buoyancy near vertical due to buoyancy and 
microbubble  
vertical cross stratal break bulk flow related to major cross stratal 
migration pathways such as faults and 
diapirs 
lateral basin flow bulk flow along major regional flow 
pathways  
SURFACE DISTURBANCE  
bacterial alteration aerobic and anerobic activity on migrating 
hydrocarbons  
pore water flushing  removal of shallow pore water due to 
dewatering effects and other processes 
transition fractionation transition zone between ocean waters and 
sediment-pore water system 
phase partitioning  partitioning between vapour, solute, and 
sorbed phases 
 31
Seepage activity can also be passive, slow subtle leakage from subsurface to 
near-surface sediments. The offshore Navarin and Saint George Basins 
(Bering Sea, Alaska) are examples of passive seepage (Abrams, 1992). Passive 
seepage tends to be lower volume leakage than areas of active seepage. This 
observation may be related to the migration pathway system and/or volume 
of generated hydrocarbons. 
1.2.2 Seepage type  
Seepage type is defined as the concentration of migrating thermogenic 
hydrocarbons (hydrocarbons formed from the thermal cracking of kerogen 
and/or generated hydrocarbons) relative to in-situ organic material. The in-
situ material includes recent organic matter (ROM) derived from pelagic, or 
reworked material from land based sources.  The common terms used to 
define seepage type are macro- and micro- seepage (Abrams, 1992).  
The term macroseepage is used for seepage with large concentrations of 
migrating hydrocarbons generally visible and related to bulk flow (Darcy 
flow). Macroseepage concentrations are generally in excess of 100,000 ppm 
(by volume) of total gas and 1,000 ppm (by volume) of hydrocarbon sediment 
extract (C12 plus).  
Microseepage refers to low concentrations of migrating hydrocarbons not 
visible but detectable with conventional analytical extraction procedures (see 
Chapter 2, sections 2.2 and 2.3). The term microseepage is also used for low 
level vertical seepage by many in the surface geochemistry community (e.g. 
Schumacher, 1996). The migration mechanism most commonly proposed for 
microseepage is the buoyancy of micro-bubbles (Price, 1986; Klusman and 
Saeed, 1996; Saunders et al., 1999; Brown, 2000). Microseepage concentrations 
are generally less than 10,000 ppm (by volume) of total gas and 100 ppm (by 
volume) of hydrocarbon sediment extract.  
1.2.3 Migration focus  
The migration focus is defined as the major direction of near-surface 
leakage relative to the subsurface hydrocarbon generation and/or 
entrapment. The migration focus direction can be nearly vertical when there 
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are major migration pathways such as faults and diapirs, or, lateral when 
related to basin fluid flow dynamics (Thrasher et al., 1996).  Schumacher and 
LeSchack (2002) argue that despite major lateral migration flow related to 
regional seals and key carrier beds, hydrocarbons also leak vertically due to 
the buoyancy of micro-bubbles (microseepage).  
1.2.4 Near-surface seep disturbances 
 Near-surface seep disturbances is defined as near-surface processes 
(physical and biological) which can alter or block the petroleum seepage 
signal. The Zone of Maximum Disturbance, known as ZMD (Abrams, 1992) 
(Figure 1.1), is a shallow near-surface zone where pore water flushing; 
partitioning of migrated hydrocarbons between vapour, solute, and sorbed 
phases; bacterial alteration; and in-situ hydrocarbon generation have altered 
the migrating themogenic hydrocarbon signatures beyond recognition. 
Additionally, shallow migration barriers such as hydrates, permafrost, and 
cohesive shales can partially block, or significantly decrease migrating 
hydrocarbons from leaking to the very near-surface sediments.    
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Figure 1.1 The Zone of Maximum Disturbance (ZMD) is within the very near-
surface sediments where different physical and biological processes can 
potentially alter or block the petroleum seepage signal (adapted from Abrams 
1992). 
 
 
 
1.3. Evaluation of near-surface gases  
Natural gases are generally characterized using two analytical procedures: 
gas chromatography (GC) to evaluate gas composition and isotope ratio – gas 
chromatography mass spectrometry (IR-GCMS) to evaluate stable carbon and 
hydrogen isotopes. The key measurements derived from these analytical 
procedures include gas composition (C1 to C5 and non-hydrocarbon 
components such as CO2, O2, and N2), compound specific carbon isotopic 
ratios (δ13Cn), and hydrogen isotopic ratios (δDCH4). Gas compositions and 
isotopic ratios depend on type and maturity of source (Schoell, 1983).  
Alterations during migration or bacterial activity and mixing can modify the 
gas compositions and isotopic ratios (James, 1984; Abrams, 1989 and 2005). 
The relative amounts of methane (C1), ethane (C2), propane (C3), butane 
(C4), and pentane (C5) are useful clues to origin. Note the C2, C3, C4, and C5 
notation to be used in this thesis refer to alkanes only and does not include 
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the alkenes (ethene or ethylene and propene or propylene). Methane may be 
derived from either thermogenic or bacterial processes. The wet gases (ethane, 
propane, butane, and pentane) are believed to be derived from thermogenic 
sources only.  Studies over the years, both in the laboratory as well as 
empirical observations, indicate traces of ethane, propane, and a number of 
other light hydrocarbons can also be formed microbiologically (Hunt et al., 
1980; Davis and Squires, 1954; Oremland, 1981; and Oremland et al., 1988). 
Recent work, including compound specific isotopic studies, have shown that 
traces of a number of light hydrocarbons are produced by microbiological 
processes and a number of the organisms responsible have been identified 
(Whiticar, 1999).  In spite of this recent work, this concept is still controversial 
within the petroleum geochemical community. What is agreed, is that 
samples with elevated total gas concentrations and wet gas percent 
([ΣC2+C3+C4+C5/ΣC1-C5] x 100) greater than 5.0%, are derived from a 
thermogenic process (Bernard, 1978; James 1983; and Schoell, 1983). Thus the 
wet gas percent which includes not only ethane and propane, but butane and 
pentane, and ratio of methane to ethane and propane, are commonly used to 
evaluate bacterial versus thermogenic origin (Figures 1.2 and 1.2).  
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Figure 1.2 Bernard Plot: Cross plot of methane to ethane + propane ratio and 
carbon isotopic ratio of methane to determine origin, bacterial versus 
thermogenic (Bernard, 1978). 
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Figure 1.3 Schoell Plot: Cross plot of gas wetness ([ΣC2-C5/ΣC1-C5] x 100) and 
carbon isotopic ratio of methane to determine origin (bacterial versus 
thermogenic), source facies (humic versus sapropelic), and organic maturity 
(Ro %) (from Schoell, 1983). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ethene (ethylene) and propene (propylene) belong to a class of 
hydrocarbons known as olefins. They contain one double bond and therefore 
are unsaturated with respect to hydrogen. These gases are almost always 
found in trace amounts in reservoir gases as well as most recent surface 
sediments (Whelan et al., 1988). These compounds appear to be rapidly 
hydrogenated from near-surface anaerobic microbial processes and so are not 
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detected in measurable amounts in the vast majority of reservoir gases. In 
addition, ethene (ethylene) and propene (propylene) are derived primarily 
from bacterial processes not from conventional thermogenic and catagenic 
reactions (Bernard et al., 2002; Ullom, 1988).  Thus the ratio of ethane 
(thermogenic) to ethene (bacterial) can potentially provide information as to 
gas origin. Bernard et al. (2002) used the ethane/ethene ratio, in combination 
with the isotopic ratio of methane, to evaluate thermogenic versus bacterial 
contributions (Figure 1.4). However, one must use this ratio, as well as the 
propane/propene ratio, with caution because olefins are more readily altered 
than alkanes in subsurface processes.  
Compound specific isotopic measurements have evolved as an important 
tool in surface geochemistry with the advent of cost effective and reliable 
isotope ratio IR-GCMS equipment. IR-GCMS allows for isotopic 
measurements of relatively small concentrations of gases extracted from 
sediments. Early studies relied only on methane carbon isotopes (Horvitz, 
1981; Faber and Stahl, 1983; and Abrams, 1989) due to equipment limitations. 
The pre IR-GCMS procedure was to separate individual gas components then 
oxidize each compound to carbon dioxide in a combustion oven and 
subsequently trap the CO2 for carbon isotopic determination (Faber and Stahl, 
1983). The IR-GCMS tool utilizes the GC to separate the sample into 
individual gas components (methane, ethane, propane, and butane) prior to 
the MS isotopic analysis.    
The carbon isotopic ratios of methane and other hydrocarbon gas 
components are quantitatively related to organic maturity and source 
material. Thermogenic methane is enriched in 13C relative to bacterial derived 
methane with most values ranging from δ13C1 -50 to -20 per mil. Bacterial 
gases vary from δ13C1 -120 to -60 per mil (Whiticar, 1999). The enrichment is 
due to isotopic fractionation related to differences in binding energies. The 
13C-12C binding energies are stronger when compared to the 12C-12C bonds 
resulting in the 13C concentration increasing with higher source rock 
maturities.   
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Figure 1.4 Bernard ethane/ethene plot: Cross plot of ethane/ethene and 
carbon isotopic ratio of methane to evaluate bacterial versus thermogenic 
mixing contributions (Bernard, 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Variation in ethane, propane, and butane carbon isotopic ratios also 
provide information to evaluate sediment gas origin, maturity, potential 
secondary fractionation (post generation), and mixing.  Studies by James 
(1983 and 1990) demonstrated that differences between methane, ethane, 
propane, butane, and pentane carbon isotopic values are related to the level of 
organic maturity. The separation in compound specific isotopic ratios for the 
individual gas components will decrease with higher maturities.  James (1983 
and 1990) provides a correlation for separation versus organic maturity that 
he believed was independent of source facies.  
Compound-specific isotopic analysis (CSIA) also helps biochemists 
understand bacterial formation of methane.  Methane generated in shallow 
marine sediments from methyl type fermentation, such as acetate reduction 
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shown below, has different carbon and hydrogen isotopic signatures than 
methane formed by CO2 (reduction):   
Carbonate reduction:    CO2 + 8H+ ⇒ CH4 + 2H2O 
Acetate fermentation:   CH3COOH ⇒ CH4 + CO2 
In most marine sediments, sulfate rich zones curtail methanogenesis. Non 
methanogens (sulfate reducing bacteria) metabolize available labile carbon. 
Once all available dissolved sulfate is exhausted (sulfate reduction zone), 
generally at a depth of 1 to 4 meters in most marine sediments, methanogens 
start using competitive substrates. Carbonate reduction becomes the 
dominant methanogenic pathway under these marine conditions because 
methanogenic substrates such as acetate are depleted, and bicarbonate is 
readily available. Refer to Whiticar (1999) for greater detail on the systematics 
of bacterial formation and oxidation of methane.  
Whiticar’s studies (e.g. Whiticar, 1999) also show that other methyl 
precursors are possible: methylamine, methanol, methyl sulfides in specific 
environments.  Chemotrophic methane oxidation is an important process that 
appears to be widespread in anaerobic environments, which could include oil 
seeps and reservoirs (Larter et al., 2000).  
Secondary alteration by anaerobic microbial degradation will result in 
carbon isotopic ratios heavier than the original values. Unfortunately, the 
process dramatically affects methane carbon isotopes resulting in values 
which overlap the thermogenic petroleum range. Studies by Abrams (1989 
and 1996b) demonstrated that methane extracted from shallow marine 
sediments can have carbon isotopic ratios enriched in 13C due to anaerobic 
microbial degradation. The resulting methane carbon isotope values 
resembled thermogenic gas when in fact it is bacterial.  James and Burns 
(1984) recognized microbial alteration of reservoir gases resulting in 
significant changes in the wet gas isotopic ratios for individual wet gas 
components.  Much caution should be used with methane carbon isotopic 
ratios to characterize gas origin. 
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Hydrogen isotopes (1H, 2H[D]) provide additional information which can 
help reveal a complex generation and alteration history (Whiticar, 1999) 
(Figure 1.5).  Bacterial methanogens derive a specific proportion of the 
hydrogen (H) for the methane (CH4) formation from in-situ formation waters. 
For carbonate reduction the hydrogen source is almost 100% from the 
coexisting formation water. The δDCH4 for methane derived from bacterial 
carbonate reduction ranges from -250 to -150 per mil.  The fementation of 
methylated substrates is believed to involve the three methyl hydrogens from 
the water to form methane. The δDCH4 values for methane derived from 
bacterial methyl type fermentation range from -375 to -275 per mil.   
 
Figure 1.5 Whiticar’s gas interpretation plot: Cross plot δ13C1 (methane carbon 
isotopic ratio) versus δDCH4 (methane hydrogen isotopic ratio) to determine 
gas origin (Whiticar, 1990). 
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Thermogenic methane deuterium values (H isotope) range from -300 to     
-100 per mil (Schoell, 1980).  Due to the overlap in δDCH4 between bacterial 
and thermogenic derived gases, the hydrogen isotope ratios of methane are 
less useful to classify thermogenic gases relative to maturity and source 
according to Whiticar (1990). Schoell (1980) did show that deuterium could be 
helpful in evaluating source facies for selected organic matter types such as 
coal derived gases.    
Conventional gas evaluation parameters developed for reservoired 
hydrocarbon gas samples may not be as effective with surface geochemical 
screening datasets. Unfortunately, hydrocarbon seepage found in most seabed 
geochemical surveys are fractionated (in-situ, during migration, or sampling), 
partitioned (based on properties of the hydrocarbon compound and physical 
environment), altered (bacterial), and/or mixed (in-situ recent organic matter 
or generate hydrocarbons) rendering conventional reservoir gas 
interpretation schemes relatively useless in most areas of low levels of 
seepage.  
1.4 Surface versus subsurface gas signatures 
It is important to establish how well surface leakage gases compare to the 
reservoir counterparts, presumably the source (reservoir or source rock). This 
question is answered by examination of a series of offshore Gulf of Mexico 
gravity cores collected along major leak points associated with a fault 
dependent structural trap containing large volume of hydrocarbons, both oil 
and gas.   The sediment cores were located along the major controlling fault 
which has a near-surface expression and shallow gas features (acoustic 
anomalies and seabed expression). The core locations were identified using a 
combination high resolution shallow and conventional deep seismic profiles 
to maximize the collection of bulk flow macroseepage (Abrams, 2005). 
The headspace extracted sediment gases contain wet gas percent 
([ΣC2+C3+C4+C5/ΣC1-C5] x 100) ranging 0.01 to 32.7% for 15 samples with 
anomalous sediment total hydrocarbon gas concentrations (above 
background, greater than 10,000 ppm by volume). The reservoir gases 
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collected during a series of production tests have wet gas percent, or 
fractional percent, ranging from 10.5 to 18.5% (Figure 1.6).  The sediment 
gases are both significantly drier (less wet gas) and wetter (more wet gas) 
relative to the reservoir gases.   
The differences between surface sediment extracted and reservoir gases 
collected along key migration pathways are not unique to the gas composition 
but are also reflected in the methane stable carbon isotopes. Examination of 
headspace extracted methane gas carbon isotopes (δ13C1) from the same set of 
samples display a significant variation when compared to the reservoir gases 
collected during production tests (Figure 1.7).  The methane isotopic ratios 
from surface sediment cores range from δ13C1 –68.0 to -37.0 per mil whereas 
the reservoir methane gases range from δ13C1 –57.0 to -54.0 per mil. The 
sediment gases are both significantly lighter (more negative) and heavier 
(more positive) than the corresponding reservoir gases with only 5 of the 15 
near-surface sediment gases providing results within the reservoir gas 
boundaries.  
Only a few samples contain surface leakage gas compositions and 
methane stable carbon isotope ratios similar to the reservoir gas.  This is of 
great concern since the surface seep samples were limited to large macroseep 
samples (greater than 10,000 ppm total headspace gas concentrations) and 
located at key near-surface migration pathways which appear to have good 
connection to the subsurface reservoir.  
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Figure 1.6 Sediment seep gas composition derived from headspace extracted 
gases for 15 gravity cores collected along major migration pathway above 
Gulf of Mexico field compared to the reservoir gas compositions (Abrams, 
2005). 
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Figure 1.7 Histogram of sediment seep headspace extracted gas isotopic data 
compared to reservoir methane gas isotopic data for 15 gravity cores collected 
along major migration pathway above Gulf of Mexico field (Abrams, 2005). 
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1.5 Sediment gas modification mechanisms  
Section 1.4 reviews an example where the seabed gas signature did not 
match the corresponding subsurface reservoir gas composition and isotopic 
ratio. This is one of many examples where the near-surface seeps do not 
match the subsurface (see Chapter 3.3 and 3.5).  Possible explanations for the 
discrepancies between the near-surface seep gas compositions and methane 
stable carbon isotopes relative to the reservoir gases collected during 
production tests include: 
1. fractionation related to sediment collection, 
2. fractionation related to sediment gas extraction procedure, 
3. in-situ mixing and/or secondary alteration, or, 
4. tertiary migration fractionation from reservoir. 
These modification factors are discussed in greater detail below. 
1.5.1 Fractionation related to sediment collection 
The temperature and pressure conditions will change as the core is 
retrieved from great depths (1,000 meters and greater) to surface conditions. 
Dissolved interstitial sediment gases will exsolve (flash) as the temperature 
and pressure boundary conditions change. The exsolved free gases are open 
to the atmosphere for a 2 to 10 minute period as the core material is removed 
from the core liner and placed in the sampling can. Evaporative fractionation 
will result in a differential loss leaving a residual gas enriched in the wet 
gases (ethane to pentane) relative to methane.   
1.5.2 Fractionation related to gas extraction 
Most sediment gas extraction methods currently used by surface 
geochemical contractors have been developed for drill cuttings and not the 
removal of light hydrocarbon gases from recent unconsolidated sediments.  
The standard procedure is to place drill cuttings in a metal paint can with 
water and anti-bacterial agent (sodium azide or zephiran chloride). The cans 
are sent to the contract geochemistry laboratory for conventional headspace 
interstitial gas analysis. In addition, drill cuttings are placed in a specially 
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modified blender for an on-site or laboratory mechanical release interstitial 
gas analysis.   
The removal of light hydrocarbons (gas) from unconsolidated sediments is 
very different than cemented consolidated drill cuttings.  Surface sediments 
contain larger pore spaces to retain interstitial gases, as well as organic 
enriched fine grain layers which can entrap and adsorb migrated or in-situ 
derived gases. In addition, the formation of near surface authigenic carbonate 
related to seepage can potentially entrap sediment gases (Abrams, 1992). 
Published studies describe the various analytical procedures to remove 
sediment gases and the differing results.  The various sediment gas extraction 
methods are summarized in Table 1.2 with the method name, description of 
the laboratory procedure, and key reference. Note each laboratory will 
prepare and undertake the specific method slightly differently. More detail on 
the analytical procedures can be found in Chapter 2.0, Section 2.2. 
Horvitz compared the adsorbed gas extraction procedure (discussed in 
greater detail in Chapter 2.0 Section 2.24) and conventional headspace gas 
extraction procedure (discussed in greater detail in Chapter 2.0 Section 2.21) 
using replicate sample splits collected during several onshore Gulf Coast 
surface geochemical surveys. His work indicated the adsorbed gas extraction 
provided sediment extracted gases enriched in the wet gas component (higher 
amount as of ethane, propane, butane, and propane relative to methane) 
when compared to the headspace extracted gases (Figure 1.8) (Horvitz, 1981). 
The headspace gas samples were predominantly methane (99.0+%) with very 
little wet gas component (ethane, propane, butane, and pentane) whereas the 
adsorbed extracted gases contained 80.0 to 90.0% methane.   
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Table 1.2 Summary of sediment gas extraction methods. 
 
Name Procedure-Method Interpreted 
Phase 
Reference 
Headspace Sediment sample with water is 
vigorously shaken within metal 
can releasing gas to headspace 
collected via septum and gas 
tight syringe. 
Interstitial Bernard, 
1978 
Blender 
Cuttings 
Loosely 
bound 
Mechanically break up sediment 
using special blender, released 
gas collected from blender using 
gas tight syringe and septum. 
Interstitial Abrams 
1992 
Disrupter Mechanically break up sediment 
within gas tight chamber with a 
fixed blade. Disrupter is 
vigorously shaken releasing gas 
which is collected using gas tight 
syringe and septum. 
Interstitial Abrams, 
2005 
Ball-mill 
occluded 
Steel ball within steel chamber 
pulverizes sediment releasing 
gas into container’s headspace 
sampled using syringe.  
Bound Bjoroy and 
Ferriday, 
20002 
Adsorbed 
Acid 
extraction 
Washed fine-grained subsample 
is heated in phosphoric acid with 
partial vacuum, released gas 
sampled using gas tight syringe. 
Bound Horvitz, 
1972 
Sorbed 
microdesor
ption 
Interstitial sediment gases are 
removed after mixing sediment 
in saline solution within sealed 
vessel by pulling a vacuum.  
Then sample is heated in 
phosphoric acid with partial 
vacuum and gas sampled using 
gas tight syringe. 
Bound Whiticar, 
2002 
Vacuum 
desorption 
Same as adsorbed-acid 
extraction procedure except no 
acid digestion, just heat and 
partial vacuum.  
Bound Zhang, 
2003 
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In addition, the adsorbed gas methane stable carbon isotopes were 
significantly heavier (enriched in 13C) relative to the headspace gases.  Horvitz 
also compared the isotopic ratios from methane gases extracted from the same 
replicate samples using conventional headspace and adsorbed gas extraction 
methods (Figure 1.8).  The headspace methane stable carbon isotope ratio 
(δ13C1) was -104 per mil (bacterial gas range) whereas the adsorbed δ13C1 was  
-45 per mil (thermogenic gas range).  
 
Figure 1.8 Comparison of adsorbed extracted sediment gas with headspace 
extracted sediment gas for replicate Gulf Coast onshore sediment samples 
(Horvitz, 1985a).   
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Similar observations have been made by Abrams (1989 and 1996b). 
Abrams analyzed sediment extracted gases collected along a major migration 
pathway above a fault dependent oil and gas accumulation with significant 
shallow gas leakage features. The adsorbed extracted sediment gas δ13C1 
ranged from -33.0 to -34 .0 per mil whereas the headspace extracted sediment 
gas δ13C1 ranged from -33.0 to -52.0 per mil (Figure 1.9). In this case, the 
reservoir gas methane isotopic data range between δ13C1 between -33.0 and     
-34.0 per mil. Thus the adsorbed extracted gas methane carbon isotopes were 
very similar to the reservoir gases whereas the headspace gases were similar 
or significantly lighter.    
 
Figure 1.9 Comparison of surface adsorbed and headspace extracted methane 
carbon isotopic ratios with the reservoir gases collected along a major 
migration pathway above a fault dependent oil and gas accumulation with 
significant shallow gas leakage features (Abrams, 1989 and 1996b). 
 
 
Cmethane 
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Abrams (1992) compared blender gas extraction (see Chapter 2.0 section 
2.2.1 for details) and conventional headspace gas extraction (see Chapter 2.0 
section 2.2.2 for details) procedures for replicate Bering Sea sediment samples.   
The blender gas extraction method provides sediment gases enriched in the 
wet gas component (higher amount of ethane, propane, butane, and propane 
relative to methane) when compared to the headspace extracted gases (Figure 
1.10).  
 
Figure 1.10 Comparison of seep gases removed from blender gas extraction 
procedure and conventional headspace gas extraction procedure for replicate 
Bering Sea sediment samples (Abrams, 2005).  
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Bjoroy and Ferriday (2002) examined extracted sediment gases from 
replicate sediment samples using a conventional headspace gas extraction 
procedure (discussed in greater detail in Chapter 2.0 Section 2.21), adsorbed 
gas extraction procedure (discussed in greater detail in Chapter 2.0 Section 
2.24), and ball mill gas extraction procedure (discussed in greater detail in 
Chapter 2.0 Section 2.23). Bjoroy and Ferriday’s (2002) study indicated the 
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adsorbed and ball mill gases detected wet gases (ethane, propane, butane, and 
pentane) not found in the conventional headspace extracted gases (Figure 
1.11). They concluded this was clear evidence that the adsorbed and ball 
methods were superior methods when examining near-surface sediments for 
possible petroleum related seepage. 
In summary all three published studies demonstrate different analytical 
procedures to remove near-surface sediment gases will result in different 
molecular characteristics (gas compositions and compound specific isotopic 
ratios) and thus interpretation of gas origin. Without proper laboratory 
calibration, it is unclear which method best extracts the migrated sediment 
gas with minimal fractionation. 
1.5.3 In-situ mixing and/or secondary alteration 
Migrated thermogenic hydrocarbons can mix with in-situ derived 
bacterially derived gases or low temperature shallow generated gases. The 
resulting mixed gases may look very different depending on the relative 
amounts of in-situ versus migrated thermogenic gas. A 50:50 mix of 
thermogenic gas with a methane isotopic ratio of -40 per mil and bacterially 
derived carbonate reduced gas with a methane isotopic ratio of -110 per mil 
would result in a gas with a methane isotopic ratio of -75 per mil. Based on 
the isotopic ratio of methane alone, this would be classified as bacterial using 
conventional published interpretation charts (Abrams, 2005). 
Bacterial consumption of methane proceeds significantly faster than does 
that of ethane, propane, and butane (Whiticar, 1999). The resulting gas can be 
elevated in gas wetness. In addition, secondary alteration such as anaerobic 
bacterial activity will leave methane enriched in 13C.  The resulting residual 
methane has an isotopic ratio very similar to thermogenic derived methane 
(Abrams, 1989 and 1996b). The ethane, propane, and butane carbon isotopic 
ratios (δ13Cn) will also be modified from methane oxidizing bacteria resulting 
in isotopic separations different than the maturity related separations (James 
and Burns, 1984).   
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Figure 1.11 Comparison of sediment gases from replicate sediment samples 
extracted using headspace gas extraction procedure, adsorbed gas extraction 
procedure, and ball mill gas extraction procedure (Bjoroy and Ferriday, 2002). 
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1.5.4 Tertiary migration fractionation from reservoir 
Migration fraction during tertiary migration has been a relatively 
controversial issue. Studies by Fuex in the early 1980s indicated there is no 
appreciable gas fractionation during migration (Fuex, 1980). Additional 
studies by Schoell agree with Fuex’s (1980) conclusions (Schoell, 1983). 
Examination of underground gas storage leakage by Coleman et al. (1977) 
indicated the isotopic ratio of methane collected from shallow water wells 
above the Manlove Storage Reservoir experienced little or no fractionation 
when compared to the methane isotopic ratio of the storage gas (δ13C1 -41.1 
per mil compared to -41.1 and -44.8 per mil) but the gas compositions (gas 
wetness) did change significantly (0.0% versus 4.9 to 5.9%). It is unclear based 
on these studies, as well as additional unpublished studies, whether 
significant migration fraction of hydrocarbon gas compositions and 
compound specific isotopic ratios does occur.    
1.6 Statement of problem and thesis objectives 
Based on the discussion above, we know the following; 
1. gases can reside in near-surface unconsolidated sediments in two 
phases: interstitial (solute or vapour) or bound, 
2. sediment gas extraction methods developed mainly for drill cutting are 
currently used to extract and characterize migrated near surface gases, 
3. current sediment gas extraction methods provide different gas 
compositions and isotopic ratios on replicate sediment samples,  
4. near-surface sediment gases collected along key migration pathways 
do not always match the sub-surface reservoir gas composition and 
isotopic ratios, and 
5. thermogenic gases migrating into near-surface sediments will mix with 
shallow derived bacterial and/or low temperature gases; and can 
easily be altered by bacterial activity and sediment interactions altering 
the original composition and stable carbon isotope values. 
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Thus the objectives of this thesis are: 
1. Determine best procedures to remove migrated hydrocarbon gases 
from near-surface marine sediments with minimal fractionation based 
on laboratory experiments and field calibration studies. 
2. Develop best practices to evaluate near-surface sediment gases relative 
to subsurface petroleum generation and entrapment potential. 
3. Evaluate analytical procedures to measure near-surface sediment 
gasoline range hydrocarbons (C5 to C10) to assist in the determination 
of subsurface petroleum generation, migration, and entrapment.   
4. Better understand possible near-surface migration mechanisms. 
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Chapter 2.0  
Current procedures to collect and analyze sediment samples for 
the detection of near-surface hydrocarbon leakage  
 
2.1 Surface sediment sample collection 
2.1.1. Geophysical identification of petroleum leakage 
Migrating and near-surface leakage hydrocarbons will, in many cases, 
provide a distinctive seismic signature and/or anomalous seabed 
morphology (Abrams, 1992; Abrams et al., 2001). These features are readily 
recognized on most conventional 2D and 3D seismic profiles as well as high 
resolution shallow seismic data. Targeting these seismic features greatly 
enhances the chances of detecting migrated hydrocarbons related to 
subsurface generation and entrapment.  
Key gas leakage related seismic features include: 
Acoustic anomalies 
Gas within the sedimentary section will produce areas of reflection 
discontinuity and amplitude loss creating a reflected energy distortion zone. 
These features have been well documented in the literature (Sweet, 1973; 
Anderson and Hampton, 1980; Siddiquie et al., 1981; Edrington and Calloway, 
1984; and Abrams, 1992). The distortion zones range in severity from 
reflection fadeout to total signal loss (Figures 2.1 a and b). Early studies 
identified these features as “gas chimneys” in the belief they represented a 
column of migrating gas (Phipps and Carson, 1982). Later work by Abrams 
(1992) in the Bering Sea demonstrated that several reflection discontinuity and 
amplitude loss features identified as gas chimneys turned out to be shadow 
zones. Detailed examination of multi-fold high resolution mini-sleeve profiles 
above the gas chimneys show bright spots with distinct attenuation zones 
beneath them that coalesce to form a shadow zone. These features are caused 
by a pocket of shallow gas that attenuates and scatters the seismic signal 
creating a chimney effect underneath. The small narrow wipeout zones with a 
width less than one half the length of hydrophone displays an inverted V 
pattern of distorted reflection, shallow narrow bright spots, and wipeout zone 
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with two extensions below as well as non distorted healed zone (Figure 2.2). 
The non distorted zone between the two extensions has improved lateral 
reflectance coherence indicating no signal loss. This is a function of the outer 
ray paths passing underneath the shallow gas zone and returning unaffected 
by the shallow gas.  The by-passing is an artifact of the stacking processing 
(mute ramp). The inverted V pattern noted in Figure 2.2 provides further 
seismic evidence these features represent a shallow gas accumulation and not 
a column of migrating gas which was confirmed by drilling.     
Single-trace attributes such as amplitude and frequency can be used to 
document acoustic anomalies believed to be related to migrating or shallow-
generated gas. In 3D seismic cubes these features assist geophysicists to map 
the near-surface migration pathways (Loseth, et al., 2002; Heggland, 1998) 
(Figure 2.3).  A new method called the Chimney Cube highlights the vertical 
noise trails and uses assemblies of multi-trace seismic attributes and neural 
networking to map gas migration (Aminzadeh et al., 2002) (Figure 2.4). 
b. Bright spots: 
Bright spots are signal enhancement due to the presence of free (vapour 
phase) interstitial gas (Figure 2.5). Note that other geological features such as 
lithology changes can cause similar bright spot features thus additional 
seismic data analysis should be used to collaborate interpretation.     
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Figure 2.1 Blank out zone, area of reflection discontinuity and amplitude loss 
creating a reflected energy distortion zone on conventional seismic profile. An 
example from the Bering Sea (Abrams, 1992).  
 
(a) reflection fade out with sag  
 
 
(b) reflection wipeout.   
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Figure 2.2 Annealed zone, area of non distortion between the two wipe out 
extensions with improved lateral reflectance coherence indicating no signal 
loss (Abrams, 1992). 
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Figure 2.3 Mapping migration pathways using single-trace attributes such as 
amplitude and frequency. Example from the southern North Sea, seismic 
profile with time slice at 152 msec (Schroot, 2002). 
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Figure 2.4 A new method called the Chimney Cube, highlights the vertical 
noise trails and uses assemblies of multi-trace seismic attributes and neural 
networking to map gas migration (Aminzadeh et al., 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.5 Bright spots are signal enhancements due to the presence of free 
(vapour phase) interstitial gas. An example from the southern North Sea 
(Schroot et al. 2005). 
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c. Hydrocarbon-Related Diagenetic Zones (HRDZ) 
 Hydrocarbon related diagenetic zones, also known as HRDZ, are zones of 
high seismic velocity caused by enhanced carbonate sedimentation related to 
hydrocarbon seepage and oxidation (O’Brien and Woods, 1995). The HRDZ 
feature was identified by O’Brien and Woods (1995) as carbonate cemented 
sandstones. Carbon isotopic analysis of carbonate within the cemented 
sandstones indicate the HRDZ features were derived principally via oxidation 
of migrating thermogenic hydrocarbons. It is O’Brien and Woods (1995) belief 
a predictable relationship exists between the presence of HRDZ features and 
total amount of hydrocarbons that have leaked from the traps.   As is the case 
with bright spots, much caution should be used with HRDZ since other 
geological features such as lithology changes can cause a similar seismic 
signal. 
Rollet et al. (2006) displays numerous zones of acoustic signal attenuation 
with abrupt lateral and vertical terminations (wipe out zones) as well as 
HRDZ features in the Yampi Shelf Australia area above the Cornea Field. 
Field observations and seismic analysis by Rollet et al. (2006) support the 
interpretation the sub-circular high amplitude anomalies with attenuated 
seismic signal (pull up) are related to HRDZ features. 
d. Bottom simulating reflector (BSR) 
BSR, or bottom simulating reflector, are shallow reflectors which parallel 
ocean-sediment interface surface and cross bedding planes.  The BSR is 
believed to be related to shallow gas hydrates that entrap free gas below the 
base of hydrates. The velocity contrast between the denser hydrates and 
partial gas saturated sediments below produce a strong bottom simulating 
reflector (Figure 2.7).   
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Figure 2.6 Hydrocarbon related diagenetic zones (HRDZ) are zones of high 
seismic velocity caused by enhanced carbonate sedimentation related to 
hydrocarbon seepage and oxidation (Rollet et al., 2006). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.7 Bottom simulating reflectors (BSR) are shallow reflectors which 
parallel ocean-sediment interface surface and cross bedding planes.  The BSR 
are believed to be related to shallow gas hydrates. Example from Fairway 
Basin courtesy of Graham Logan with Geoscience Australia. 
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e. Water column anomalies 
Prolific gas seeps enter the water column as expanding gas bubbles. These 
gas bubbles are easily detected on most high resolution seismic profiles as 
water column anomalies know as haloes (dark shadow features) on side scan 
sonar (Figure 2.8), sub-bottom profilers, precision depth recorder (PDR), and 
sparker profiles (Figure 2.9). Note that a school of fish will also provide a 
similar water column halo anomaly. 
f. Seabed morphology 
Near-surface hydrocarbon leakage and fluid flow affects shallow 
sediments and sea floor character.  The seabed morphology changes will 
depend on several factors: rates and volume of leakage, type of migrating 
fluid (water, oil, and/or gas), sediment environment, time frame (long versus 
short term), and oceanographic conditions (salinity, temperature, and bottom 
water currents) (Hovland and Judd, 1988). 
Morphology features may be positive (constructive) or negative 
(destructive). Constructional features can result from slow accumulation of 
fluidized mud (mud volcano, Figure 2.10), development of hydrate mounds 
(depends on pressure and temperature regime), and/or formation of 
carbonate hardgrounds from authigenic carbonate related to bacterial activity 
(Figure 2.11).  
Depressions are produced from the release of geopressured fluids or the 
collapse of fluidized sediments known as pockmarks (Figure 2.12). These 
seabed features range from very small (less than a meter) to up to 1 km wide 
and 50 m high, and therefore are often recognized on seismic and sonar data 
(Hovland and Judd, 1988; Roberts et al., 1990; and Kaluza and Doyle, 1996).  
The seafloor at fluid-expulsion sites generally have an acoustic character 
significantly different than that of adjacent areas, displaying localized 
amplitude anomalies.  Dip maps on the seafloor and artificially illuminated 
time-structure maps with amplitude overlays from 3D seismic are effective 
for locating bathymetric variation, which may be related to leakage. In the 
absence of near-surface 3D data, high resolution sub-bottom profiling, side-
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scan sonar, 2-D seismic profiles (sparker, air-gun, etc) and swath (multi-beam) 
bathymetry-backscatter maps also may locate fluid expulsion features 
possibly related to migration pathways.  
The seabed morphology features described above provide evidence of 
near-surface fluid movement. Fluid expulsion features result from fluid 
releases due to geopressure (pore pressure in excess of hydrostatic) along a 
major cross-stratal migration feature (faults, fractures, and diapirs). Thus, 
near-surface fluid expulsion features by themselves do not confirm the 
presence of thermogenic hydrocarbon seepage, i.e. a mature organic rich 
source rock. Sediment samples must be collected and analyzed to confirm that 
these potential migration pathways are also associated with hydrocarbon 
leakage. 
 
 
Figure 2.8 Prolific gas seeps enter the water column as expanding gas bubbles 
and can be detected on as haloes (dark shadow features) on side scan sonar in 
the water column (Rollet et al., 2006). 
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Figure 2.9 Prolific gas seeps enter the water column as expanding gas bubbles 
and can be detected as water column anomalies on sparker data (courtesy of 
Graham Logan with Geoscience Australia). 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.10 Fluid expulsion can result in constructional features from slow 
accumulation of fluidized mud forming a mud volcano with debris flow 
(Heggland, 2002). 
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Figure 2.11 Carbonate hardground related to authigenic carbonate formation 
from bacterial activity (oxidation) from side scan sonar image (Rollet et al., 
2006).  
 
 
 
 
 
 
 
 
 
 
 
Figure 2.12 Pockmarks are depressions that are produced from the release of 
geopressured fluids or the collapse of fluidized sediments and are easily 
imaged on side scan sonar (Rollet et al., 2006). 
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2.1.2. Sediment core site selection 
Early surface geochemical surveys collected sediment samples using a grid 
approach (evenly spaced samples) above the area of interest. The resulting 
near-surface geochemical measurements are contoured in the hopes of finding 
a surface pattern related to entrapped petroleum accumulation (Figure 2.13). 
The apical or halo geochemical anomaly is then used as evidence a charged 
petroleum trap with reservoir hydrocarbons is present (Figure 2.14). 
Another approach is to target core locations at major migration pathways 
with evidence of hydrocarbon leakage (see previous section). This approach 
has been called site specific by Abrams (1992). Abrams (1992) demonstrated the 
seepage signal variability as you collect samples directly above the near-
surface expression of the leaky fault and at selected intervals away from the 
fault. The study demonstrated the thermogenic petroleum signal decreased 
very quickly up to 10 meters away from the fault and almost disappeared at 
15 plus meters away from the fault.   
The collection of marine sediment cores for regional petroleum system 
evaluation has evolved as the sampling, geophysical, and navigation tools 
become more powerful; and our understanding of migration and near-surface 
processes evolve. The early days of grid surveys with shallow cores (less than 
1 meter) and no real-time seismic have been replaced by the utilization of 
sophisticated remote sensing and high-resolution geophysical acquisition to 
identify areas of petroleum leakage, real time seismic to locate core sites 
during coring operations, deeper coring equipment to sample below the ZMD 
(Zone of Maximum Disturbance, see Chapter 1.2.4 for details), and better 
navigation in conjunction with subsurface locating devices (USBL, ultra short 
baseline) to more accurately place the core body within the targeted feature.   
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Figure 2.13 Sediment samples collected along a survey grid (evenly spaced 
samples) within the area of interest. The near-surface geochemical 
measurements are contoured and the surface pattern is related to entrapped 
petroleum accumulation (Horvitz, 1985b).   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.14 Potential surface geochemical patterns related to the near vertical 
hydrocarbon leakage above a producing field (Schumacher, 1996).   
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2.1.3. Sediment collection methods 
The type of sampling equipment utilized should be suited to the seepage 
activity, local sediment regime, and vessel capabilities.  Many devices are 
available to collect shallow marine sediments ranging from a simple open 
barrel gravity corer to the more complicated vibracorer. 
Gravity core recoveries are generally limited by equipment design and 
sediment conditions (Abrams, 1982). Most gravity driven corers rarely 
recover more than 4 to 5 meters of sediments in upper to lower slope 
sediments. Gravity coring tools generally include deployment of a weighted 
steel pipe dropped into the seabed from a height of 10 to 20 meters. The 
conventional open barrel gravity corer is a hollow tube (barrel) attached to a 
vented weight (core body) (Figure 2.15). The piston corer is very much like 
the open barrel gravity corer except it utilizes a trigger weight and piston. The 
tripped piston corer free falls a given distance while an internal piston 
remains stationary on the sea floor as the core barrel penetrates the sediment 
(Figure 2.16). The stationary piston creates suction that minimizes wall drag 
and sediment disturbances. The piston corer was primarily designed for 
deep-water fine-grained sediments.   
 The vibracorer is a pipe with air pressure or electric vibrating head 
(Figure 2.17). The vibrator head will vibrate with high frequency low 
amplitude motion to facilitate sediment penetration. The original air driven 
devices have limited water depth capabilities, generally less than 50 meters. 
The newer electric vibracore devices can work in depths up to 1,500 meters 
(Rossfelder VT-1 model). Although initially designed to collect samples in 
shelfal coarser grained lithologies, the vibracorers have also been used to 
assist in the collection of compacted and slightly cemented sediments where 
conventional gravity driven devices will not penetrate.       
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Figure 2.15 Open barrel gravity corer: Corer consists of a hollow tube (barrel) 
attached to a vented weight (core body) and is dropped into the seabed from 
a height of 10 to 20 meters (Abrams, 1982). 
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Figure 2.16 The piston corer is similar to the open barrel gravity corer except it 
utilizes a trigger weight and piston. The tripped piston corer free falls a given 
distance while an internal piston remains stationary on the sea floor as the 
core barrel penetrates the sediment. The stationary piston creates suction that 
minimizes wall drag and sediment disturbances (diagram courtesy TDI-
Brooks).  
 
 
 
 
 
 
 
 
 
 
 
 
The corer launching and recovery system is very important to undertake a 
safe and efficient operation as well as minimize core sample disturbance.  A 
system such as the Abrams Corer System (see Fugro Alluvial Offshore Limited 
Website for details; www.alluvial.co.uk) was specifically designed to bring 
the corer on deck with minimal effort by the deck crew (Figure 2.18). 
A summary of the different sediment coring devices can be found in Table 
2.1. It is very important to choose the appropriate sediment sampler which 
will obtain the maximum amount of recovery relative to penetration for the 
specific sediment regime.   
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Figure 2.17 Vibracorer consists of a pipe with air pressure or electric vibrating 
head. The vibrator head will vibrate with high frequency low amplitude 
motion to facilitate sediment penetration (from Fugro Geomarine Services). 
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Figure 2.18 The Abrams Corer System designed to launch and retrieve gravity 
cores from vessel with minimal deck handling (Abrams, 1982). 
 
 
 
 
 
 
 
 
 
 
 
Table 2.1 Summary of marine sediment sampling devices.  
 
 
 
 
 
 
The next advancement in marine sediment sampling will be the ability to 
place the corer with great precision on the intended target (seep feature). This 
is very difficult to undertake with the current coring systems in deep water. 
Trying to move a weighted corer in water depths of 1,500 meters or more 
from a surface vessel is extremely difficult. The core body will not move in 
direct response to the vessel movement due to the large distance between the 
vessel and core body.   
 
VariableShip dependentVariableDrilling
Sands to gravels400m6m/up to 6mVibro corer
Deep sea mudsExcess 6000m30m/variablePiston gravity
Silty muds to fine 
sands
Excess 6000m6m/1 to 5mOpen barrel gravity
LithologyMax Water Depth Penetration/RecoveryDevice
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A new device is currently being engineered which can pilot the corer with 
real time visual and navigation information to the target with minimal effort 
and time (Figure 2.19). These targeted corers will provide the surface 
geochemist with the capability to hit a small target such as a vent feature, 
pockmark, or fault scarp with great accuracy thereby enhancing our ability to 
sample key seep features.   
   
Figure 2.19 Targeted coring system designed to maneuver gravity coring 
device on specific target using four remotely controlled thrusters and camera 
system to locate feature (courtesy of Mitsui). 
 
 
 
 
 
 
 
 
 
 
 
 
It is appropriate to consider the importance of the sediment coring device 
in seabed geochemical surveys. Published studies by Abrams (Abrams, 1992, 
1996a, and 2005) and results from the geochemical database in this thesis 
demonstrate the depth at which the sediment sample is collected, sediment 
disturbance, and location of the sample relative to the migration pathway can 
greatly affect the results. Thus much effort should be made to make sure you 
have the appropriate sediment sampling equipment to collect a sample deep 
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below the water sediment interface and as close to the leak point with 
minimal disturbance.  
2.1.4. Field preparation procedures 
Once the sediment has been sampled and brought on deck, a series of 
important procedures must be followed to process the sediment material 
quickly, efficiently, and consistently. Once the corer is on deck, the core liner 
with the sediment sample will be removed and given to the scientific staff for 
processing. The sediment core should be taken to the core preparation 
laboratory immediately for sub-sampling and processing. The sediment core 
is sub-sampled in accordance with the best practices defined by our 
understanding of the distribution of gases in near-surface sediments: 
• Collect sediment from a minimum of three sections per sediment core 
to evaluate changes of sediment gases with depth (Figure 2.21); 
• Collect approximately 160 to 200 ml sediment in a sealing chemically 
inert sample container with processed water and inert gas headspace 
(optional). Bacteriacide1 (anti-bacterial agent) or processed salt (see 
page 270 for more details) can be added to prevent bacterial activity 
and decrease the solubility of the anomalous hydrocarbons (if present). 
The sample containers are stored frozen upside down until processing.  
• Collect replicate archival back up sample in the event primary samples 
are lost in shipping and to have an additional replicate sample for 
further detailed analysis (Figure 2.21) if so required.  
 
1  NOTE: The use of bacteriacides such as sodium azide and zephiran chloride 
in well cutting and marine sediment sampling programs to prevent post 
sampling bacterial alteration and/or microbial gas generation has been a 
standard practice for 40 plus years.  No comprehensive studies have been 
conducted to evaluate the effectiveness of these anti-bacterial agents, how 
much is required to be effective, or if they potentially contaminate the 
sample. This PhD research program has recommended the use of salt as an 
effective and safe way to limit post sampling bacterial activity based on 
laboratory experiments. 
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Figure 2.20 Trimming external portion of sediment core and placing specified 
volume of sediment into special sample container. 
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Figure 2.21 Core processing for seabed sediment samples collected to examine 
anomalous near-surface hydrocarbons (Abrams et al., 2001). 
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2.2 Sediment Gas Phase: free versus bound 
Sediment gases can reside in the interstitial spaces as a free (vapour) or 
dissolved (solute) phase; bound to mineral or organic surfaces; and/or 
entrapped in carbonate inclusions (Abrams, 2005).  
The interstitial sediment gases are those gases contained within the 
unconsolidated sediment pore space either dissolved in the pore waters 
(solute) or as free gas (vapour). The amount of gas dissolved in the pore 
waters or as a free phase vapour will be dependent on several key boundary 
conditions; 
• pore water salinity, 
• in-situ temperature and pressure conditions, and 
• gas type (relative amount of non-hydrocarbon component and 
methane to the wet gases: ethane, propane, butane, and pentane). 
The volume of gas dissolved in the pore waters or free as a vapour phase 
can be calculated using key parameters such as the Henry’s law constant (KH 
= Pi/Cw  atm.L.mol-1), discussed in greater detail in Chapter 3, Section 3.4.1 
and equation of state (PV = nRT).  
The bound gases are believed to be attached to organic surfaces, entrapped 
in structured water mineral surface structures, or entrapped in authigenic 
carbonate inclusions (Abrams, 2005). Horvitz (1985a) pioneered the concept of 
bound, also known as adsorbed or acid extraction sediment gas analysis. It 
was Horvitz (1985a) belief that migrated thermogenic hydrocarbon gases 
readily bind to near-surface fine grain sediments (clays) due to the highly 
adsorptive nature of the clays towards hydrocarbons. Horvitz (1985a) also 
believed there was a preferential adsorption of the migrating thermogenic 
hydrocarbons relative to the in-situ derived bacterial gases (Horvitz, 1985a). 
This is a highly controversial concept not accepted by many in the field of 
surface geochemistry (Abrams, 1996a).  
Others believe the binding process is related to structured water (Whiticar, 
2002). Whiticar (2002) describes how structured water creates a relatively 
impermeable membrane of organized H2O molecules that entrap gases. 
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Whiticar (2002)  also believes the bacterial gases in the interstitial spaces will 
have little or no exchange with the migrated thermogenic gases entrapped 
within the structured water sorbed phase (Whiticar, 2002) (Figure 2.22).  
Whiticar describes a contiguous coating or network of structured water 
whereby thermogenic hydrocarbons will migrate vertically within the 
sedimentary column. Whiticar defines this contiguous structured water 
network as “handshake migration” (Whiticar, 2002) (Figure 2.23).        
 
Figure 2.22 Structured water creates a relatively impermeable membrane of 
organized H2O molecules that entrap sorbed gases (from Whiticar, 2002). 
 
 
 
Sediment gases can also be potentially entrapped in authigenic carbonate 
formed as a by-product of petroleum oxidation (mainly methane) using one 
of two reaction pathways noted below: 
Aerobic:      CH4 + 2 O2 + Ca2+ = CaCO3 + H2O + 2H+ 
Anaerobic:  CH4 + SO42- + Ca2+ = CaCO3 + H2S + H2O 
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Figure 2.23 Handshake migration concept: Contiguous coating or network of 
structured water allowing the vertical migration of a thermogenic sorbed gas 
phase along solid grain surfaces and protected within structured H2O and 
minimal exchange with free gas phase (Whiticar, 2002). 
 
 
 
When these reactions occur, carbon dioxide evolves and reacts with water 
to produce bicarbonate. The bicarbonate bonds with calcium and magnesium 
in groundwater and precipitates as carbonate or carbonate cement. This 
process can entrap interstitial free gases as carbonate inclusions (Figure 2.24).   
One historic surface geochemical procedure developed by Deuscherer 
(1981) examines the bulk sediment carbonate isotopic signature as a method 
to detect the leakage of petroleum related hydrocarbons. The assumption was 
that diagenetic carbonates and carbonate cements from hydrocarbon seepage 
induced alterations will have a different isotopic signature than authigenic 
carbonate derived from the other natural processes (Schumacher, 1996). 
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Normal calcite, where the carbon is derived from atmosphere, freshwater, or 
the marine environments, has an isotopic value around -10 to +5 per mil 
(Anderson and Arthur, 1983). Calcite formed from oxidized petroleum related 
hydrocarbons incorporates carbon from an organic source with an isotopic 
value more negative than -20 per mil. The isotopic composition of the 
resulting carbonate will range -10 to -60 per mil (Hunt, 1996). No surface 
geochemistry contractor currently examines the surface sediment carbonate 
isotopic signature (personal observation).  
 
Figure 2.24 Carbon dioxide evolves as part of the bacterial alteration process 
and reacts with water to produce bicarbonate. The bicarbonate bonds with 
calcium and magnesium and precipitates as carbonate or carbonate cement 
and can potentially entrapped interstitial free gases as inclusions in carbonate. 
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2.3 Sediment gas extraction methods 
Multiple analytical procedures have been developed to remove migrated 
gases from sediments (Abrams, 1996a; Abrams et al., 2004, and Abrams, 2005) 
(Figure 2.25). The terminology used for each sediment gas extraction method 
generally refers to the physical removal process and not the phase.  The exact 
nature (physical binding state) of the gases removed by each procedure is still 
poorly known. Thus these sediment extraction procedures should be 
considered operational definitions and do not represent the actual in-situ 
physical state of the gases within the sediment. Therefore, it is very important 
in comparing results from different laboratories to make sure that the same 
experimental procedures are used. The removal procedures range from 
simple shaking, mechanical break-up, vacuum-thermal, and lastly chemical 
treatment (acid treatment of sediment).  
 
Figure 2.25 Multiple analytical procedures have been developed to remove 
migrated gases from sediments. The terminology used for each sediment gas 
extraction method generally refers to the physical removal process and not 
the phase (Abrams, et al., 2004). 
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2.3.1. Headspace gas analysis 
The Headspace gas sediment extraction method removes vapour phase 
interstitial sediment gas by simple shaking within a closed container. This 
standard gas extraction method has been used for over 60 years to remove gas 
from drill cuttings.  
The sample is prepared in the field by adding a designated aliquot of 
sediment, processed distilled or filtered water, and air or inert gas (helium or 
nitrogen). The sample is usually shipped frozen to the laboratory for analysis. 
The sample can is shaken, and sometimes heated prior to sampling, to release 
free gases within sediment interstitial pore space to the container headspace 
(Figure 2.26). The extracted interstitial sediment gases are sampled through a 
silicone septum on the top of a specially modified container. Headspace gas is 
reported in ppm (parts per million) by sediment weight or volume for the 
following gas components: methane, ethane, ethene, propane, propene, i-
butane, n-butane, i-pentane, and n-pentane, and selected non-hydrocarbon 
gases such as carbon dioxide, nitrogen, and oxygen. Sediment preparation 
procedures and laboratory protocols will vary by laboratory and are reviewed 
in Chapter 4.3.      
2.3.2 Blender gas analysis 
Blender gas, also known as loosely bound or cuttings, utilizes a blender to 
mechanically break up an aliquot of sediment and release interstitial gases 
within unconsolidated sediments (Figure 2.27) (Abrams, 1992). The blender 
technique generally uses sediments collected from the can sample after the 
headspace gas processing. The blender mechanical sediment break-up process 
releases interstitial gases not captured by the simple headspace shaking 
technique (Abrams, 1992 and 1996a). The released gas is sampled through a 
septum on the top of blender. 
It was the author’s belief in the early 1980s that the headspace and blender 
gases when added would represent the total free interstitial gas within the 
sediment sample (Abrams 1989 and 1992): 
Total Interstitial Gas (TIG) = Σ C1 - C5 headspace + Σ C1 - C5 blender 
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Figure 2.26 The headspace gas sediment extraction method removes vapour 
phase interstitial sediment gas by simple shaking within closed metal 
container.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.27 Blender gas, also known as loosely bound or cuttings gas, utilizes 
a blender to mechanically break up an aliquot of sediment and release 
interstitial gases in unconsolidated sediments (photos courtesy of Petrobras). 
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The TIG gas compositions appeared to be more similar to the subsurface 
gas compositions in early studies by Abrams (1989 and 1992). Headspace gas 
usually contains less wet gas (less than 2.0%) whereas blender gas normally 
contains elevated wet gas (10% plus).  Abrams (1992 and 1996b) believed this 
was due to fractionation during the headspace extraction process where the 
headspace gas method extracts the more volatile gases (methane and ethane) 
that can easily migrate into the headspace by simple shaking and blender 
method collects residual gases retained in sediments. Studies in this PhD 
research effort has proven fractionation does occur but not in the same 
manner as described in the 1989 and 1992 papers (see later chapters). 
2.3.3. Ball-mill/occluded gas analysis 
The Ball Mill gas extraction method utilizes a ball mill within a stainless 
steal container to mechanically break up a measured aliquot of 
unconsolidated sediments (Figure 2.28 a and b). The ball mill device is 
vigorously shaken where the steel ball pulverizes the sediment sample 
releasing gas into the steel ball mill container’s headspace. The released gases 
are collected from the ball mill container’s headspace through a septum.  
Recent studies by Geolab Nor in Norway demonstrate the ball mill 
method produces gas chromatograms with elevated wet gases and gasoline 
range components relative to the headspace method (Bjoroy and Ferriday, 
2002) (see Figure 1.9 in Chapter 1 Section 1.52).  Bjoroy and Ferriday (2002) 
believe the ball mill gas extraction method, also known as occluded by Geolab 
Nor, releases sediment gases not released by the simple headspace shaking 
method.  
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Figure 2.28 (a) Ball mill gas extraction method utilizes a steel ball within a 
stainless steal container (mill) to mechanically break up a measured aliquot of 
unconsolidated sediments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
(b) Released ball mill gases are collected from the ball mill container’s 
headspace through a septum. (photo courtesy of Victor Jones with ETI). 
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2.3.4. Adsorbed/acid extraction gas analysis 
The Adsorbed gas analysis, also known as acid extraction, Horvitz, and 
bound gas; captures gas bound to the fine grain sediments (Horvitz, 1985a), 
captured within authigenic carbonate inclusions (Abrams 1992 and 1996b), or 
bound by structured water-mineral surfaces (Whiticar, 2002).  The coarse-
grained fraction (greater than 63 μm) is removed by wet sieving 300 to 1,000 
grams of a bulk sediment sample.  The fine-grained portion (63 μm and 
smaller) is heated in phosphoric acid in a partial vacuum to remove the 
"bound" hydrocarbons (Horvitz, 1985a) (Figure 2.29).   
 
Figure 2.29 Adsorbed gas analysis, also known as acid extraction, Horvitz, 
and bound gas, captures gas bound to the fine grain sediments, captured 
within authigenic carbonate inclusions, or bound by structured water-mineral 
surfaces (Horvitz, 1972). 
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2.3.5  Sorbed or microdesorption gas analysis 
 The sorbed or microdesorption method developed by the University of 
Victoria research laboratory under the direction of Professor Michael Whiticar 
is similar to the Horvitz’s acid extraction method (Horvitz, 1972) with one 
major difference. The interstitial sediment gases are removed after mixing the 
sediment sample in a saline solution within a sealed vessel by pulling a 
vacuum (Figure 2.30). There is no transferring of the interstitial degassed 
sediments to the adsorbed gas removal chamber as is the case with the 
Horvitz’s method (Horvitz, 1972).   
 
Figure 2.30 Sorbed or microdesorption method is similar to Horvitz (1972) 
acid extraction method but interstitial sediment gases are removed by 
vacuum after mixing sample in a saline solution within sealed vessel 
(Whiticar, 2002). 
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2.3.6 Vacuum desorption 
Vacuum desorption is a modification of the Horvitz adsorbed gas 
sediment extraction method (Horvitz, 1972) with no acid digestion (Figure 
2.31). Zhang (2003)believes the acid extraction procedure releases gases 
entrapped in the authigenic carbonate development whereas the thermal and 
vacuum process extract gases preferentially sorbed on to the clay fraction. By 
undertaking both acid and thermal-vacuum procedures the resulting gas is a 
mixture of the two different and confusing gas signals. Zhang’s studies 
(Zhang, 2003) suggest a clearer clay sorbed gas signal will be achieved by 
eliminating the acid extraction procedure. 
 
Figure 2.31 Vacuum desorption is a modification of the Horvitz adsorbed gas 
sediment extraction method with no acid digestion (Zhang, 2003).  
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2.4 Other seabed geochemical measurements 
2.4.1. Gasoline range hydrocarbons (C5 to C10) 
To date few surface geochemical surveys have attempted to evaluate the 
gasoline range hydrocarbons (C6 to C10) in near-surface marine sediments. 
The can headspace gas extraction method has been used to evaluate seabed 
gasoline range hydrocarbons but with limited success (see Chapter 7). 
Conventional headspace analysis is not an effective method to extract the 
middle boiling range hydrocarbons, C6 to C10 from marine sediments.   
Recently Gore & Associates have been using GORE-SORBERS® to 
evaluate gasoline range hydrocarbons in near-surface marine sediments. This 
method has been traditionally used in onshore soil sampling surveys where 
the GORE-SORBERS® can be placed in the soil for an extended period of time 
(2 to 4 weeks). The GORE-SORBERS® is a passive sampling method which 
evaluates a full range of hydrocarbons from C2 to C20+ using a module 
constructed of GORE-TEX ePTFE® (polytetrafluoroethylene) and sorbent 
filled collectors (Figure 2.32). ePTFE is a chemically inert microporous 
hydrophobic structure that allows the vapour transfer of low boiling point 
hydrocarbons but not water (liquids). Modules are analyzed via thermal 
desorption coupled with mass spectroscopy. The hydrocarbons must be in a 
vapour phase to pass through the ePTFE material and adsorb onto the sorbent 
material.  
In Chapter 7, the headspace and GORE-SORBERS® methods will be 
reviewed in greater detail relative to surface geochemical gasoline range 
hydrocarbons measurements.  In addition, a method developed in this 
research study to more effectively sample the gasoline plus range of 
hydrocarbons C6 to C12 which will be a very important tool in future surface 
geochemical surveys will be discussed (Chapter 7, Section 7.2).   
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Figure 2.32 GORE-SORBERS® passive sampling method which evaluates 
hydrocarbons from C2 to C20+ using a module constructed of GORE-TEX 
ePTFE® (polytetrafluoroethylene) and sorbent filled collectors (provided by 
Gore & Associates). 
 
 
 
2.4.2. High molecular weight hydrocarbons (C12+) 
The most common screening procedures currently used for evaluating the 
presence of thermogenic high molecular weight (HMW) hydrocarbons (C12 
plus) is to undertake a solvent extraction followed by whole extract gas 
chromatography (WOGC) and total scanning fluorescence (TSF). A dried 
sediment sample is ground to a uniform size by weight, extracted with an 
organic solvent (Soxhlet or ASE, accelerated solvent extractor), and lastly 
concentrated.  Many surface geochemical laboratories currently use low 
polarity solvents such as hexane. Low polarity solvents extract mainly, but 
not exclusively, low polarity compounds. Another approach would be to use 
a mixture of non polar and polar solvents to extract all components and then 
separate the petroleum related compounds (saturated hydrocarbons, 
unresolved complex mixtures, aromatics, and polars such as NSO and 
asphaltenes) from the recent organic matter (saturated hydrocarbons, ketones, 
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alcohols, and fatty acids) using multi-component silica gel column 
chromatography.  
Whole Extract Gas chromatography 
Sediments containing moderate levels of upward-migrating thermogenic 
high molecular weight (HMW) hydrocarbons are characterized by an 
unresolved complex mixture (UCM), discernible C15-C32 n-alkanes and 
isoprenoids, and an overprint of odd n-alkanes greater than C23 from 
terrigenous plant biowaxes (Figure 2.33). Samples containing elevated 
migrated hydrocarbons often are extensively biodegraded containing only a 
UCM (Brooks and Carey, 1986) (Figure 2.33). The whole extract gas 
chromatogram signal can be subdivided into several major group of 
compounds:  
Resolvable peaks: The total hydrocarbon fraction from a non-degraded 
petroleum seep is usually dominated by n-alkanes, with a lesser amount of 
branched alkanes (including isoprenoids) as well as some cyclic alkanes, 
and alkyaromatics.  
Unresolved complex mixture (UCM): The unresolved complex mixture, 
otherwise known as UCM and naphthelene hump, is a quantification of 
unresolvable hydrocarbon and non-hydrocarbon compounds. 
Recent organic matter (ROM): Extract gas chromatograms from recent 
sediments generally display an odd carbon preference within the n-C25 
and n-C33 range due to the elevated contribution from recent plant waxes.  
Key parameters commonly used to evaluate sediment extract 
chromatograms for the presence of migrated themogenic hydrocarbons 
include: total extractable organic material (EOM, total concentration of solvent 
extractable material in ng/g), total unresolved complex mixture (UCM: total 
amount of unresolved material in µg/g by weight), unresolved complex mixture 
greater or less than C23 (relative amounts of > C23 ROM versus < C23 migrated 
hydrocarbons),  and total alkanes (total amount of alkanes greater than n-C15 in 
ng/g).   
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Figure 2.33 Sediment extract whole fluid gas chromatogram for a fresh oil 
seep and severely degraded oil seep (Abrams, 2005). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fluorescence spectrometry 
The Fluorescence spectrometry is currently used by several surface 
geochemical contractors as a screening tool to detect and measure organic 
compounds containing one or more aromatic functional groups (Brooks et al., 
1983; Abrams et al., 2001). Most oils contain aromatic compounds with one or 
more aromatic rings and their alkylated analogues (Brooks et al., 1983). Pi (π) 
electrons of polycyclic aromatic and other selected hydrocarbons absorb UV 
radiation which results in the promotion of an electronic cloud from one 
 
Total UCM =  2,272ppm 
< UCM C23   =  1,291 ppm 
> UCM C23   = 981 ppm 
a. fresh oil 
UCM
UCM
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energy orbital to a higher energy one. Fluorescence radiation may be emitted 
when the system returns to the ground state. Electrons of sigma bonds found 
in the saturated and unsaturated hydrocarbons do not interact with 
electromagnetic radiation between the 200 and 700 nm and thus do not 
fluoresce. 
All oils, with the exception of some condensates, will contain compounds 
that fluoresce when excited with ultra-violet light. The shape of the spectra 
and emissions intensity is heavily determined by the quantity and 
distribution of polycyclic aromatic hydrocarbons (PAH). Sediments, soils, and 
water will fluoresce when migrated crude oil is present. The fluorescence is 
most likely due the PAH compounds present in the migrated crude oil, but 
other compounds such as lignin, pigments, and biological components which 
include algae (phytoplankton and seaweeds), fish oils, and decomposition 
products will also fluoresce. The maximum fluorescence for the above non 
petroleum related material will be at different wavelengths. 
The most abundant aromatic hydrocarbons found in crude oils which 
fluoresce include a series of one or more six member rings fused together with 
multiple alkyl substitutions; benzenes, naphthalenes, phenanthrenes, and 
their alkyl homologues. Aromatized steroids (mono- and tri- aromatic 
steroids) and hopanoids along with benzohopanes are also typical aromatic 
components of crude oils. The wavelength of peak emission increases with the 
number of condensed aromatic rings and with increasing number of alkyl 
constituents (Berlman, 1971). 
The earlier fluorescence studies used a single wavelength of excitation 
usually 265 nm, and the emissions were measured over a range of 
wavelengths by scanning (Horvitz 1985). The fluorescence methods have 
progressed over the years with more sophisticated equipment so that a range 
of excitation wavelengths can be used. The three common laboratory methods 
of ultra-violet fluorescence (UVF) spectrometry include: 
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• Fixed excitation wavelength: A single wavelength of excitation usually 
at 265 nm and emissions measured over a range of wavelengths between 
250 to 500 nm (Horvitz, 1985). 
• Synchronous excitation/emissions: Both the excitation and emission 
wavelengths are scanned synchronously. The emission is measured at a 
wavelength 20 to 30 nm longer than the excitation wavelength (Abrams 
et al., 2001) 
• Excitation/fluorescence mapping: Excitation-fluorescence mapping, also 
known as Total Scanning Fluorescence (TSF), irradiates sediment extracts 
with light scanning from about 250 to 500 nm at 10 nm intervals in a 
spectrometer (Brooks et al., 1983). The fluorescence emissions spectrum 
is recorded for each excitation wavelength again scanning from about 
250 nm to 500 nm building a 3-D spectrum (Figure 2.34). The emissions 
maximum fluorescence intensity (MFI) is recorded along with emissions 
wavelength (Max_Em) and excitation wavelength (Max_Ex). A second 
parameter commonly used to evaluate TSF data is the R1 ratio.  R1 is the 
ratio of emissions at 360 nm compared to emissions at 320 nm with 
excitation at 270 nm is used. This parameter shows the variation in shape 
for the fluorescence spectra and has been used to predict API gravity 
(Barwise, 1996).   
Samples with relatively large concentrations of hydrocarbon extract 
require dilution prior to spectral analysis. The measured MFI is adjusted by 
multiplying the measured MFI and dilution factor to obtain a corrected MFI 
(Corrected MFI = Measured MFI x Dilution factor). The relationship between 
dilution factor and maximum fluorescence is assumed to be linear but several 
unpublished studies by the author and others indicate the relationship is non-
linear. Thus much caution should be used with comparing MFI values for 
high dilution samples.  
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Figure 2.34 Total Scanning Fluorescence (TSF) irradiates sediment extracts 
with light scanning from about 250 to 500 nm at 10 nm intervals in a 
spectrometer. The fluorescence emissions spectrum is recorded for each 
excitation wavelength again scanning from about 250 nm to 500 nm building 
a 3-D spectrum (Abrams, 2005).  
 
 
 
 
 
 
 
 
 
 
 
 
It is also assumed the emissions wavelength characteristics are only 
related to the compounds in the extracted fluid. Studies by Edwards and 
Crawford (1999) indicate fluorogram shape and intensity is also highly 
dependent on hydrocarbon concentration and extract solvent. In Figure 2.35, 
the fluorescence spectra are normalized to unity at the maximum of 
fluorescence signal. This representation enables one to see the evolution of 
fluorescence peak shape and position with oil concentration. There is 
relatively little change up to concentrations of about 1,000 ppm. Above this 
value, however, there is a very pronounced shift of the fluorescence peak 
towards longer wavelengths.  Thus the same oil can exhibit a range of 
dramatically different fluorescence spectra and can not be identified on a 
basis of a single-solution spectrum of unknown concentration alone. 
 
TSF MFI: 
maximum 
R1 = Em 365 
nm/320nm @ Ex 265 
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Figure 2.35 Fluorogram shape and intensity is highly dependent on 
hydrocarbon concentration and extract solvent. This representation enables 
one to see the evolution of fluorescence peak shape and position with oil 
concentration (Edwards and Crawford, 1999). 
 
 
 
 
Gas chromatography mass spectrometry (GCMS) 
When anomalous high molecular weight hydrocarbons are found with the 
screening procedures, further molecular characterization is helpful. GCMS or 
gas chromatography mass spectrometry provides detailed molecular 
information on biological markers. Biological markers are chemical 
compounds in the reservoir oils and source rocks as well as sediment extracts 
with the basic molecular structure which can be linked to a known biological 
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precursor. Different organic source facies contain different assemblages of 
organisms (bacteria, algae, marine algae, and higher plants). GCMS 
biomarker data, in conjunction with non-biomarker parameters, resolve the 
organic source facies depositional environment, as well as level of thermal 
maturity. Key biomarker compounds are measured in oils and seep extracts, 
therefore, providing a method to correlate surface seep to subsurface oils 
and/or source rocks (Hunt, 1996; Peters and Moldowan, 1993).  
2.4.3. Other measurements 
Several other factors may greatly affect the sediment gas concentration 
and composition. Several unpublished and published studies demonstrate 
how the surface geochemical signature can vary with sediment size and type 
(Horvitz, 1972; Abrams, 1996 and 2005).  The interpreter must confirm the 
anomalous hydrocarbon concentrations and their compositions reflect the 
migrated petroleum and not variation in sediment type and/or conditions. 
Key parameters which can be insightful to these problems include: 
• Total Organic Carbon: The quantity of organic matter is expressed as 
percent total organic carbon (% TOC).  The TOC is analyzed using a 
Leco Carbon Analyzer. This analysis consists of acidifying the ground 
sediment, combustion up to 1,200°C, and quantifying the generated 
trapped CO2. The TOC measurement is helpful to evaluate the 
presence of reworked source rock within recent soil-sediment and 
potential organic surface adsorption issues. 
• Sand percent-lithology: The sample lithology is determined 
quantitatively (preferred) or qualitatively.  The simplest quantitative 
measurement is sand percent. Sand percent is the fraction greater than 
63 μm by either weight or volume.  
2.5 Summary of current procedures to collect and analyze sediment gases 
This chapter summarizes the surface geochemical methods currently 
available to collect and analyze marine sediments for migrated thermogenic 
gases.  
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The geophysical record can be used to identify major migration pathways 
as well as areas with seismic evidence of near-surface gases; wipe out zones, 
bright spots, BSRs, and water column anomalies; seabed morphological 
features related to fluid expulsion such as pockmarks and mud volcanoes; 
and authigenic carbonate formation related to gas leakage leading to 
carbonate hard grounds and HRDZs. None of these seismic features by 
themselves are proof positive thermogenic hydrocarbons from subsurface 
generation or entrapment are present. The best way to find the near-surface 
expression of migrated hydrocarbons is with a targeted (site specific) coring 
program using existing seismic and satellite data to identify key cross stratal 
migration pathways and/or evidence of seepage; and real time high 
resolution seismic to assist in placing the corer on a viable target.    
Collecting samples as deep below the water sediment interface is critical 
(see Chapter 3.0, Section 3.6).  The type of coring equipment used to collect 
the sediment sample will be critical in areas of passive seepage (see Chapter 1, 
Section 1.2.1). The overall goal is to collect sediment samples with minimal 
disturbance, as close to the target, and below the disturbed zone (see Chapter 
1, Section 1.2.4).  The field preparation procedures will also be critical to retain 
as much of the volatile sediment gas, minimize potential for contamination, 
and prevent secondary bacteria gas generation and/or alteration.  
Multiple analytical procedures have been developed to remove migrated 
gases from sediments, canned headspace, ball mill (occluded), blender, 
disrupter, adsorbed (acid extraction), microdesorption (bound), or vacuum 
desorption. The liquid hydrocarbons; gasoline range (C5 to C10 plus) and 
higher molecular weight (C12 plus) can also be examined to evaluate migrated 
thermogenic hydrocarbons. Only one method is currently commercially 
available to evaluate the gasoline range (C5 to C10 plus) hydrocarbons, GORE-
SORBERS®. The high molecular weight (C12 plus) can be examined by 
removing the dissolvable hydrocarbons using solvent extraction followed by 
whole extract gas chromatography, fluorescence spectrometry, and gas 
chromatography mass spectrometry. 
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 The procedures used to collect sediment samples (location and sampling 
depth), prepare sediment samples in the field for laboratory analysis, and 
analytical procedures used to remove sediment gases will have a profound 
affect on the final results.   
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Chapter 3.0  
Empirical observations from global surface calibration 
geochemical database 
 
One of the fundamental goals of this research study is to evaluate sediment 
gases as indicators of subsurface generation and entrapment. Developing 
empirical observations from existing global surface geochemical datasets is 
critical to better understand which methods best remove and characterize 
migrated hydrocarbon seepage related to subsurface hydrocarbon generation 
and entrapment. Thus this chapter reviews the global surface geochemistry 
database collected as part of this research effort and key observations which 
will be used to organize the laboratory calibration experiments.     
3.1. Global surface geochemical survey database 
A global surface geochemical survey database from over 10,000 sediment 
cores from published and industry surface geochemical surveys has been 
assembled to better understand how well the current surface geochemical 
methods characterize subsurface hydrocarbon generation, migration, and 
entrapment. The industry datasets were provided by the University of Utah 
Energy & Geoscience Institute’s Surface Geochemistry Calibration (SGC) 
industry sponsors (Abrams et al., 2004) under the author’s direction. The 
specific core locations and field names as well as selected raw data collected 
as part of the SGC academic research program have been kept proprietary as 
designated under the non disclosure agreement. The industry datasets 
provided to the University of Utah Energy & Geoscience Institute’s Surface 
Geochemistry Calibration research program include: 
• Four prospect offshore Gulf of Mexico site specific seabed coring 
surveys with conventional headspace gas, extraction total scanning 
fluorescence, extraction gas chromatography, and extract GCMS 
biomarker data (Appendix 1). 
• Several regional offshore Gulf of Mexico site specific seabed coring 
surveys with conventional headspace gas, extraction total scanning 
fluorescence, and extraction gas chromatography. 
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• An onshore Yemen surface geochemical grid survey using the Gore 
Sorber passive sampler. 
• Two onshore Argentina surface geochemical grid surveys using a 
shallow gas probe sampler. 
• An onshore Peruvian surface geochemical grid surveys using a shallow 
gas probe sampler. 
• An onshore Guyana surface geochemical grid surveys using a shallow 
gas probe sampler and soil samples for conventional interstitial gas 
analysis, adsorbed gas analysis, extraction florescence, microbiological 
measurements, and micromagnetics. 
• An onshore Ethiopian surface geochemical grid surveys using a 
shallow gas probe sampler. 
• Several offshore West Africa site specific seabed coring survey with 
conventional headspace gas, extraction total scanning fluorescence, 
extraction gas chromatography, and extract GCMS biomarker data 
(Appendix 2). 
• An offshore Norwegian site specific seabed coring survey with 
conventional headspace gas, ball mill extracted gas, adsorbed extracted 
gas, extraction total scanning fluorescence, extraction gas 
chromatography, and extract GCMS biomarker data. 
• An offshore Southeast Asia site specific seabed coring survey with 
conventional headspace gas, ball mill extracted gas, adsorbed extracted 
gas, extraction total scanning fluorescence, extraction gas 
chromatography, and extract GCMS biomarker data (Appendix 3). 
• An offshore Barents Sea site specific seabed coring survey with 
conventional headspace gas, ball mill extracted gas, adsorbed extracted 
gas, extraction total scanning fluorescence, extraction gas 
chromatography, and extract GCMS biomarker data. 
• An offshore South Caspian regional X-SAR and TM remote sensing 
seep survey  
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The surface geochemical studies examined include regional and prospect 
specific surveys using both grid and site specific collection methods; and both 
onshore and offshore areas located in 20 different basins from 8 countries. In 
addition, the calibration dataset includes a variety of tectonic regimes, 
sediment conditions, analytical procedures, trap types, and productive (gas, 
condensate, and oil) as well as non productive areas.  The seep detection 
methods examined include: 
• direct sediment hydrocarbon measurements: 
1. headspace gas, 
2. blender gas, 
3. occluded/ball-mill gas, 
4. adsorbed/acid extraction/sorbed/microdesorption gas, 
5. extract total scanning fluorescence (TSF), 
6. extract synchronous fluorescence, 
7. extract gas chromatography (GC), 
8. extract gas chromatography mass spectrometry (GCMS) and gas 
chromatography mass spectrometry mass spectrometry (GCMSMS), 
9. vadose volatile hydrocarbon collection and analysis methods 
including the Gore-sorber and interstitial soil probes, and 
10. ocean column samplers. 
•  indirect measurements: 
1. microbiological, and 
2. micromagnetics. 
• non-geochemical measurements (total organic carbon and lithology); 
• remote sensing (satellite and airborne);  
• geophysical (seismic) methods. 
 
The onshore calibration sites include Guyana Takutu Basin, Argentina 
General Levalle, Argentina Neuquen, Argentina Bolsonnes, Peru, Ethiopia 
Ogaden Basin, and Masila Block (Figure 3.1).  
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The offshore calibration sites include offshore Gulf of Mexico (GOM), 
Southeast Asia, and West Africa (Figure 3.1). 
 
Figure 3.1 Locations of the surface geochemical surveys with geological data 
collected from published and industry surface geochemical surveys assemble 
as a global surface geochemistry calibration database. 
 
 
 
 
 
 
 
 
 
 
 
 
3.2. Identification of background versus anomalous seabed gases 
The identification of background versus anomalous signatures for near-
surface hydrocarbon and non-hydrocarbon measurements is not always 
straight forward.  Most interpreters assume the “anomalous” samples 
represent migrated thermogenic hydrocarbons but in reality they may reflect 
in-situ generated hydrocarbons from bacterial activity, reworked or 
transported hydrocarbons, changes in soil conditions and lithology, 
differences in sampling depths, variation in sampling times (day, weather, 
atmospheric pressure, etc.), secondary alterations, and/or mixing (Abrams, 
2005).  The first step is to identify the anomalous population, or populations, 
then determine the significance (origin). 
To properly identify a migrated seep population, parameters must be 
chosen which best identify the themogenic migrated hydrocarbons (gas or 
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liquids). This will be discussed in greater detail in following Chapters.  The 
analyst also needs to understand key factors that control the specific 
geochemical measurement’s magnitude and variability (sampling depth, 
location, and analytical procedure). Lastly, the analyst needs to determine the 
best statistical or graphical approach to evaluate background versus 
anomalous populations.  
The interpreter must first understand the sample population or 
distribution in order to identify anomalous samples.  The normal distribution, 
or Gaussian, measures values that are equally clustered around the mean 
(arithmetic average) displaying the familiar bell shaped curve. Surface 
geochemical measurements rarely follow a Gaussian (normal) distribution but 
tend to be skewed (Abrams, 2005) (Figure 3.2). This type of sample 
distribution is called log normal distribution. A log normal distribution is 
transformed to a normal distribution using the function:  
Yi = log Xi. 
The application of normal distribution descriptors such as mean, standard 
deviation, and variance have no statistical validity in a log normal distributed 
surface geochemical dataset. Graphical data analysis is essential to examine 
the nature of sample distribution and identify multiple populations 
(background and anomalous).  The two most common graphical methods 
include: 
Frequency Histogram:  
The histogram, or frequency distribution, separates the data values into 
bins, shown on the x-axis. Number of samples within each bin (frequency 
class or interval) is represented on the y-axis. Rectangles are constructed over 
each interval with the height being proportional to the number of 
measurements (class frequency) falling within each bin.  Histograms are 
useful for depicting sample symmetry or skewed.  The histogram shape is 
very dependent on the number of categories selected.     
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Figure 3.2 Histogram of Gulf of Mexico surface geochemical survey 
headspace gas data displaying a skewed or log normal distribution. 
 
 
 
 
 
 
 
 
 
 
 
Cumulative Frequency:  
A cumulative frequency, also known as quantile plot, graphs cumulative 
frequency percent on the x-axis and the measured geochemical parameter on 
the y-axis.  Three advantages of using a cumulative frequency plot over the 
histogram plot are arbitrary categories (bins) are required, all the data are 
displayed, and every point has a distinctive position without overlap.  
Both graphical methods help the interpreter define background and 
anomalous populations as shown in Figures 3.3. The background (normal 
concentrations found in surface sediments) and anomalous (elevated 
concentrations as the direct result of migrated hydrocarbons from depth or 
local generation) are clearly displayed in both plots. In addition, anomalous 
samples can be identified with varying levels of seepage; macro versus micro.   
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Figure 3.3 Histogram and cumulative frequency plot for sediment headspace 
extracted gases which display background and anomalous populations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In this example the separation between background and anomalous is 
relatively straight forward. The difficulties begin when the separation of 
background and anomalous data is not as pronounced due to mixing, sample 
method, reworked source rocks, transported hydrocarbons, or in-situ 
alteration-generation. 
The distribution of total headspace gas concentration from several offshore 
Gulf of Mexico surveys is shown in Figures 3.4, 3.5, and 3.6. In all the three 
surveys there is a well defined background (usually less than 1,000 ppm) and 
anomalous (usually greater than 10,000 ppm) population. The concentration 
values for background and anomalous will vary by analytical method and 
area-basin.   
Sample Total Headspace Gas
Sample 1 4.6
Sample 2 10.8
Sample 3 14.9
Sample 4 233154.8
Sample 5 225993.2
Sample 6 110911.8
Sample 7 16.0
Sample 8 27.1
Sample 9 45.1
Sample 10 8.0
Sample 11 9.5
Sample 12 10.3
Sample 13 6.5
Sample 14 7.3
Sample 15 13.4
Sample 16 55.1
Sample 17 196.9
Sample 18 24058.8
Sample 19 15253.4
Sample 20 115142.7
Sample 21 55475.2
Sample 22 10.5
Sample 23 11.7
Sample 24 13.0
Sample 25 13.9
Sample 26 9.0
Sample 27 5.9
Sample 28 7.3
Sample 29 12.4
Sample 30 11.8
Sample 31 7.5
Sample 32 8.71
Sample 33 10.99
Sample 34 7.82
Sample 35 12.93
Sample 36 14.4
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Proper identification of background and anomalous population of near-
surface hydrocarbon and non-hydrocarbon measurements is critical in surface 
geochemical surveys. Background populations are often confused with 
anomalous populations leading to incorrect interpretations (see next section). 
Simple statistical methods such as histograms and cumulative frequency plots 
greatly assist the interpreter to identify anomalous populations related to the 
migrated thermogenic hydrocarbons. 
 
Figure 3.4 Gulf of Mexico surface geochemical survey over productive 
structure A with background and anomalous populations (data from 
University of Utah’s global surface geochemical survey database). 
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Figure 3.5 Gulf of Mexico surface geochemical survey over productive 
structure B with background and anomalous populations (data from 
University of Utah’s global surface geochemical survey database). 
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Figure 3.6 Regional Gulf of Mexico surface geochemical survey with 
background and anomalous populations (data from University of Utah’s 
global surface geochemical survey database). 
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3.3. Examination surface gas hydrocarbon compositions 
3.3.1. Variation in gas composition with total concentration 
Hydrocarbon gases are generally characterized by two key measurements: 
1. total gas  (ΣC1 – C5):  
Total gas provides information on overall level of hydrocarbon gas 
present in the sediments usually expressed as a volume of gas relative to 
sediment volume or weight. 
2. gas wetness (ΣC2 – C5/ΣC1 – C5):  
Gas wetness provides information on the amount of wet gases (ethane, 
propane, butane, and pentane) relative to the total hydrocarbon gas 
concentration. Methane may be derived from either thermogenic or 
bacterial processes whereas the wet gases are believed to be derived 
primarily from thermogenic sources.  The wet gas percent ([ΣC2-C5/ΣC1-
C5] x 100), or wet gas fraction (ΣC2-C5/ΣC1-C5) are common parameters 
used to evaluate origin (bacterial versus thermogenic).  
A simple plot of gas concentration versus wet gas fraction, wet gas 
percent, or methane percent ([C1/ΣC1-C5] x 100), provides critical information 
on the distribution of wet gas components relative to total gas concentrations. 
Examination of interstitial gas extracted from Gulf of Mexico seabed sediment 
cores collected above two producing structures from the global database 
demonstrates a large variation in total hydrocarbon gas relative to gas 
wetness (measured as wet gas percent or fraction) (Abrams, 2005). The seabed 
core samples have been collected along key migration pathways identified 
using both conventional deep and shallow seismic profiles. 
The interstitial sediment gas (headspace) displays four major groupings 
(Figure 3.7): 
Group 1 – total gas concentrations less than 1,000 ppm by volume 
with wet gas fraction less than 0.05 (5.0%).     
Group 2 – total gas concentrations less than 1,000 ppm by volume 
and wet gas fraction greater than 0.05, up to 0.18 (18%).     
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Group 3 – total gas concentrations greater than 1,000 ppm by volume 
and wet gas fraction less than 0.05 (5.0%).     
Group 4 – total gas concentrations greater than 1,000 ppm by volume 
and wet gas fraction greater than 0.05 (5.0%).     
Groups 1 and 2 contain background gases with total gas concentrations 
less than 1,000 ppm.  Group 3 is most likely in-situ derived bacterial gas, 
elevated total gas concentration and low wet gas component. Group 4 has 
elevated total gas concentration as well as wet gas fraction. This group of 
samples is most likely related to migrated thermogenic hydrocarbon gas 
(Abrams, 2005). Interesting to note that only 3 of the 70 seabed core samples 
collected along known leaking migration pathways with connections to the 
charged reservoir based on presence of migrated oils actually contain 
migrated thermogenic hydrocarbons (Group 4). 
Also note the Group 1 seabed core samples with elevated wet gas fraction 
(greater than 0.5 or 5%) and low total gas concentrations (less than 100 ppm). 
These samples are related to fractionation and not thermogenic gases 
(Abrams, 2005). When only traces of gases are present, small changes in the 
volatiles gases such as methane will provide misleading gas compositions. 
The Group 1 samples have been commonly misinterpreted as thermogenic 
based on the contractor reports provided as part of this global surface 
geochemical survey database.  
Examination of approximately 2,500 seabed core samples from the global 
surface geochemical survey database collected in the Central Gulf of Mexico 
region using headspace sediment gas extraction method displays a similar 
trend as the samples collected over the 2 petroleum charged structures with 
major migration pathways to the near-surface sediments (Figure 3.8) 
(Appendix 1). The larger dataset demonstrates a more significant variation in 
gas compositions and wet gas fraction with greater overlap of the 4 
groupings. This not surprising given the large size and geographic area 
covered by the multiple seabed geochemical surveys. The elevated gas 
wetness values for the anomalous group (greater than 10,000 ppm) is 
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unexpected. The gas wet fraction is up to 0.95 or 95% gas wetness.  No Gulf of 
Mexico reservoir gas has a gas wet fraction greater than 0.50. This implies 
something is happening during migration, sampling, or analysis to enhance 
the wet gas component. Inferences as to what is happening will be discussed 
in other parts of this thesis. 
Examination of approximately 1,500 seabed core samples collected in 
offshore Africa above or near producing fields using similar headspace 
sediment gas extraction procedures displays a similar trend as the Gulf of 
Mexico surveys except for one key item, no large concentration samples with 
elevated wet gas fraction (Figure 3.9) (Appendix 1). The samples have been 
collected along key migration and leakage features within areas of large oil 
and gas accumulations as was the case with the Gulf of Mexico samples. It is 
unclear why no obvious thermogenic hydrocarbon gases were detected in the 
multiple seabed geochemical surveys. 
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Figure 3.7 Gulf of Mexico seabed geochemical survey over two productive 
structures along key migration pathways using headspace gas analysis 
displaying four groupings: background bacterial, background fractionated, 
anomalous bacterial, and anomalous migrated (Abrams, 2005).  
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Figure 3.8 Regional Gulf of Mexico seabed geochemical survey collected over 
several prospective areas using headspace gas analysis and targeted coring 
(leakage features) (data from University of Utah’s global surface geochemical 
survey database).  
 
0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90
1.00
1 10 100 1000 10000 100000 1000000 10000000
Headspace gas (ppm)
W
et
 G
as
 F
ra
ct
io
n
 
Figure 3.9 Offshore Africa seabed geochemical survey collected over two 
productive structures using headspace gas analysis and targeted coring 
(leakage features) (data from University of Utah’s global surface geochemical 
survey database).  
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3.3.2. Comparison seabed gases with reservoir gases 
Few surface geochemist/explorationists have compared the gas 
compositions from surface sediment extracted gases and post drill reservoir 
gases (Abrams, 2005). Empirical observations from the global surface 
geochemical survey database in this research study indicate gases collected 
during surface geochemical surveys along major migration pathways do not 
always match the corresponding reservoir gases.  
In a Gulf of Mexico prospect specific seabed geochemical survey, the 
surface sediment gases are much drier than the corresponding reservoir gases 
(Abrams and Dembicki, 2006) (Figure 3.10). In Gulf of Mexico seabed 
geochemical survey number 2, the surface gases are significantly drier (less 
wet gases relative to methane) and wetter (more wet gases relative to 
methane) than the corresponding reservoir gases (Figure 3.11) (Abrams, 2005).  
In both cases, the surface sediment gases have compositions different than the 
reservoirs gases with some exceptions. Both surveys collected deep (greater 
than 3 meters) site specific cores on key cross-stratal leakage features known 
to be well connected to the trapped hydrocarbons based on 3D seismic data 
and other geochemical data (high molecular weight hydrocarbon analysis).    
These compositional differences could be due to migration fractionation 
reviewed in Chapter 1.3.3, gas extraction method examined in Chapter 5, 
mixing with in-situ derived hydrocarbons, or partitioning fractionation 
during sample retrieval.  In the next section (3.4), possible compositional 
fractionation related to the core collection process is examined. 
In summary, examination of the global surface geochemical database 
collected as part of this PhD thesis demonstrates the complexities in 
identifying migrated gas from altered or mixed shallow gas. First 
identification of the anomalous population is required. Note both the gas 
compositions and compound specific isotopic values can be changed due to 
secondary alterations and mixing. Comparison of the surface measured 
values with subsurface reservoir equivalents demonstrates the problems of 
clearly identifying migrated thermogenic gases in near-surface sediments.   
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Figure 3.10 Histogram of gas wetness from Gulf of Mexico headspace 
extracted gases seabed geochemical survey and reservoir production gases 
(Abrams and Dembicki, 2006). 
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Figure 3.11 Comparison of the molecular compositions from Gulf of Mexico 
headspace extracted gases seabed geochemical survey and reservoir 
production gases (Abrams, 2005). 
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3.4. Modeling compositional fractionation 
Sediment cores collected in great water depths (greater than 1,000 meters) 
will experience a large change in boundary conditions (temperature and 
pressure) upon retrieval to the surface. The partitioning between dissolved 
gases in sediment interstitial waters and free (vapour) in a two phase system 
will vary as the boundary conditions change. The sediment interstitial water 
dissolved gases will exsolve (come out of solution) as the core is retrieved 
from the ocean bottom (high pressure and low temperature) to surface (lower 
pressure and higher temperatures).  
Flash calculation models (exsolving solute gases to a vapour phase) have 
been examined to better understand the potential effects of core retrieval on 
light hydrocarbon gas (C1 to C4, methane to butane) partitioning between 
dissolved (solute) and free (vapour) phases. The underlying question is to 
determine if equilibrium partitioning modifies gas molecular composition 
based on differences in compound specific solubility and Henry’s law 
constant (vapor versus dissolved phase, KH).  
The hydrocarbon gas starts in the reservoir, migrates to the near-surface 
along major migration routes, and is then captured using a shallow sediment 
coring device, transported to the ocean surface, processed onboard the vessel, 
and finally analyzed in the laboratory. During each of these processes there is 
potential for partitioning and fractionation (Figure 3.12):  
2. reservoir: original gas composition (starting point); gas could be 
dissolved or free (vapour) phase depending on the PVT conditions; 
3. migration to near surface: gases migrate through the trap seal, 
movement can be as bulk flow (Darcy flow) or diffusion, as a vapour or 
solute (dissolved in the pore waters), and undergo phase changes 
during the migration process; 
4. near-surface: mixing with in-situ bacterial generated gas and/or 
alterations due to pore water flushing, bacterial consumption, and 
sediment interaction within the Zone of Maximum Disturbance (ZMD, 
Abrams 1992);   
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5. sediment collection using a gravity core: sample disturbance during 
sediment collection from gravity, grab, push, vibra, or box corers; 
6. core retrieval (transit via water column): sediment core sample 
retrieved from deep ocean surface to near-surface undergoing large 
changes in pressure and temperature while in core liner (semi-closed 
system within core liner); 
7. core sample at ocean surface: sediment core sample exposed to ocean 
surface conditions with large changes in pressure and temperature 
(still a semi-closed system within core liner); 
8. sub-sampling in field laboratory:  sediment removal from core liner 
and then cut into small subsections, sediment is placed in sample 
container with inert gas and/or brine water, then frozen; potential for 
volatile loss (open system) during processing; and 
9. sample preparation and gas extraction: frozen sediment sample is  
thawed and subjected to different preparation and gas extraction 
procedures to remove the interstitial (free) and bound (sorbed) 
migrated gases. 
The compositional-phase modeling can be estimated using flash 
calculations. The modeling program will provide information on 
compositional changes in the vapour and liquid phases and their quantitative 
proportions as a function of depth, pressure and temperature (DPT). 
3.4.1. Basic modeling assumptions and inputs 
All gases behave ideally if they are sufficiently dilute (approximately <1%) 
at 1 atm (101.325 kPa) and 0°C.  In this case, one can ignore their interactions 
and used the simple equation of state;  
PV = nRT 
If the conditions differ, the intermolecular interactions must be taken into 
account and more accurate and useful tools have to be applied, such as 
Redlich-Kwong equation or Peng-Robinson equation (Danesh, 1998).  Both 
equations have parameters, which depend upon gas composition.  
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Figure 3.12 Phases of sediment core collection process: 1. gas in reservoir, 2. 
migration up cross stratal feature to near-surface, 3. near-surface sediments, 4. 
collection using gravity corer, 5. transit in water column to ocean surface, 6. 
ocean surface, and lastly 7. core processing in vessel laboratory.    
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Under natural conditions different phases are in mutual contact. Once the 
system is out of equilibrium mass transfer occurs between the phases. The 
further the system deviates from equilibrium, the higher rate of transfer of 
each species. Quantitative treatment of mass-transfer rates is based on the 
knowledge of equilibrium states (T, P, and composition) of the system.  The 
vapour-liquid equilibrium refers to systems where a single liquid phase is in 
equilibrium with its vapour.  
Partitioning is a subdivision of molecules for a given compound between 
any two phases, liquid (L) and vapour (G), and is determined by the 
compound’s relative compatibility with each medium. This behavior can be 
described using several constants or parameters. The most appropriate 
solution depends on the system’s conditions.  
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The Henry’s law is used for a system in which the temperature is lower 
than the critical temperature for all compounds in the system. The equation is 
normally used for two component system;  
f2=KH Cw 
f2 = fugacity of the compound 2 in the vapour 
Cw = amount of the vapour molecules dissolved in the liquid 
Compound 2 = dominant compound in the vapour 
If there are greater differences from Henry’s law, the equation is made 
more precise adding activity coefficient to the equation: 
f2=KH Cw  γ2 
γ2 = activity coefficient as a function of composition 
For a low pressure system, one can assume the gas behaves like an ideal 
gas and instead of fugacity, use partial pressure (Pi) of the gas.  
Pi =KH Cw 
KH = Pi/Cw (atm.L.mol-1) 
The Henry's law constant "K" is different for every gas, temperature and 
solvent. The units on "K" depend on the units used for concentration and 
pressure. Henry’s law supposes independency of KH on composition. It is 
based on assumption that the solubility of gas in the liquid is low (Cw << 1).  
To predict the molar fraction in both phases (vapour and solute) the flash 
calculations from the PetroMod software (IES) have been used. The software 
allows you to choose from two different methods; Peng-Robinson or Soave-
Redlich-Kwong (Danesh, 1998).  For the system modeled in this research 
project, the Peng-Robinson method was used. The pressure (P) - temperature 
(T) flash calculation simulates the vapour-liquid equilibrium for a two-phase 
system at known T, P and composition, and predicts the quantity and 
composition of the vapour and liquid phases. The name originates from the 
fact that a liquid at a pressure equal to or greater than its bubble point 
pressure “flashes” or partially evaporates when the pressure decreases below 
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the bubble point pressure, producing a two phase system of vapor and liquid 
in equilibrium (McCain, 1990).  
The starting hydrocarbon gas composition used in the modeling is listed in 
the table below and is the same relative compositions used for the gas charge 
experiments in Chapter 4 Table 3.1). 
 
Table 3.1 Input molar fraction and weight percent of each gas component; 
blue cells are input data; yellow comprise molar/volume/mass calculations 
and purple input for software flash calculations. 
 
Compound Amount Molecular Volume Mass Amount Total 
in HC gas weight Amount
(%mol) (g/mol) (L) (g) (mol) (% mol)
Injected gas 0.0085000
Methane 85 16.043 0.0072250 1363.66 0.0002961 0.002132
Ethane 10 30.07 0.0008500 300.70 0.0000348 0.000251
Ethylene 0.5 28.054 0.0000425 14.03 0.0000017 0.000013
Propane 3 44.096 0.0002550 132.29 0.0000105 0.000075
Propylene 0.5 42.081 0.0000425 21.04 0.0000017 0.000013
n-Butane 1 58.123 0.0000850 58.12 0.0000035 0.000025
Nitrogen 28.014 0.2500000 0.0102459 0.073776
Water 18 0.2500000 13.8773245 99.923716
Hydrocarbons
in gas sample 
Additional 
compounds  
 
The fluid pressure in oceans and sedimentary basin fill is primarily 
controlled by height of water column and water density. These two 
parameters are used in the hydrostatic pressure calculation. Two settings 
have been defined for the models (Figure 3.13):  
1. Deep ocean:  
- water depth 5,000 m 
- temperature decreasing from 25 to 4°C  
2. Outer shelf: 
- water depth 500 m water 
- sediment thickness 4,500 m 
- temperature gradient  33°C/km (increasing from 25 to 176°C).  
The modeled wet gas contains 15%mol C2+ (Table 3.1). The proportion of 
gaseous compounds and water is set at: 
1. Low gas-saturated water: 0.1 L gas /1L water.  
2. Highly gas-saturated water: 10 L gas /1L water. 
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Figure 3.13 Modeled deep ocean and shelf marine systems.  
 
 
3.4.2. Composition fractionation modeling results 
The compositional/phase modeling provides data on compositional 
changes in the vapour and liquid phases and their quantitative proportions as 
a function of depth, pressure and temperature (DPT). The modeling results 
are summarized in Table 3.2 a and b where the input DPT data are in the first 
three columns with depth increasing by 1,000 m up to 5,000 m. The depth 
range where more significant changes are predicted is covered with 
additional depth levels. The columns to the right contain calculated vapour 
composition for the fluids including water. The fluid composition without 
water is recalculated in the Tables 3.3 (a and b) and includes the “gas 
wetness” ratio of (ΣC2-C4/ΣC1-C4). The modeled molar, mass, and volume 
fraction (%) of liquid and vapor phases in the modeled system are in Tables 
3.4 (a and b).   
In the deep ocean system the decreasing temperature associated with 
increasing hydrostatic pressure results in overall decrease volume fraction of 
vapor in the system. Methane, the major component among the light 
hydrocarbons, tends to move from vapor to liquid, and dissolve in the water 
with increasing depth and pressure. This is associated with decrease of 
Deep Ocean 
Outer Shelf 
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methane fraction in the vapor phase (Figure 3.14) and relative enrichment of 
residual vapour in the minor components, such as ethane, propane and 
butane. The separate vapour phase does not occur until the bubble point is 
reached at 1,900 m and 2,500 m (Figure 3.14). These two values represent the 
range between the high and low gas-saturated water with 10.0 L gas/1 L water 
and 0.1 L gas/1 L water. The most significant increase in the vapour volume 
fraction occurs in the upper 500 m where the decrease of hydrostatic pressure 
associated with a steep increase in temperature. Both pressure and 
temperature conditions stimulate vapour exsolution from the liquid and this 
process is more pronounced in systems with higher gas saturation of water.  
 
Table 3.2 Compositional changes in the vapor phase as a function of depth, 
pressure and temperature (DPT) for two modeled systems: 
(a) 1 L water + 0.1 L gas 
 
(b) 1 L water + 10 L gas 
Depth Temp Hyd P Methane Ethane Ethylene Propane Propylene n-Butane Water 
m C MPa mol fraction[%] mol fraction[%] mol fraction[%] mol fraction[%] mol fraction[%] mol fraction[%] mol fraction[%]
0 25.0 0 82.71 9.73 0.49 2.92 0.49 0.97 2.70
500 13.0 5 84.94 10.00 0.50 3.01 0.50 1.00 0.05
1000 8.0 10 84.92 10.01 0.50 3.01 0.50 1.00 0.05
1800 4.0 18 84.88 10.02 0.50 3.01 0.50 1.00 0.08
2000 4.0 20 84.87 10.03 0.50 3.01 0.50 1.00 0.09
3000 4.0 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4000 4.0 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5000 4.0 50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 25.0 0 82.71 9.73 0.49 2.92 0.49 0.97 2.70
200 18.0 2 84.90 9.99 0.50 3.00 0.50 1.00 0.11
500 27.9 5 84.87 10.00 0.50 3.01 0.50 1.00 0.12
1000 44.4 10 84.68 10.01 0.50 3.04 0.50 1.01 0.26
1800 70.8 18 83.93 10.08 0.49 3.13 0.52 1.05 0.80
2000 77.4 20 83.64 10.11 0.49 3.17 0.52 1.06 1.01
3000 110.4 30 81.17 10.29 0.48 3.55 0.56 1.22 2.73
4000 143.4 40 75.83 10.52 0.46 4.76 0.66 1.82 5.96
5000 176.4 50 58.55 9.61 0.38 8.99 0.79 8.64 13.04
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Depth Temp Hyd P Methane Ethane Ethylene Propane Propylene n-Butane Water 
m C MPa mol fraction[%] mol fraction[%] mol fraction[%] mol fraction[%] mol fraction[%] mol fraction[%] mol fraction[%]
0 25.0 0 82.68 9.72 0.48 2.95 0.49 0.98 2.70
500 13.0 5 82.55 10.65 0.45 4.22 0.64 1.44 0.05
1000 8.0 10 79.66 12.39 0.50 4.95 0.77 1.68 0.06
1800 4.0 18 76.79 14.39 0.57 5.45 0.87 1.83 0.11
2000 4.0 20 76.06 14.81 0.58 5.63 0.90 1.89 0.12
2500 4.0 25 74.46 15.71 0.60 6.06 0.97 2.04 0.15
4000 4.0 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5000 4.0 50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 25.0 0 82.68 9.72 0.48 2.95 0.49 0.98 2.70
200 18.0 2 84.11 10.02 0.46 3.55 0.55 1.20 0.11
500 21.60 5 81.48 10.67 0.43 4.92 0.69 1.72 0.09
1000 38.1 10 32.52 12.94 0.34 33.25 2.31 17.53 1.11
1800 64.5 18 9.54 3.79 0.10 16.03 0.73 66.15 3.65
2000 71.1 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3000 104.1 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4000 137.1 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5000 170.1 50 0.00 0.00 0.00 0.00 0.00 0.00 0.00   
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Table 3.3 Recalculated fluid composition without water for two modeled 
systems:       
 (a) 1 L water + 0.1 L gas 
 
Depth Temp Hyd P Sum HC Methane Ethane Ethylene Propane Propylene n-Butane C2-4/C1-4
m C MPa mol % mol % mol % mol % mol % mol %
0 25.0 0 97.30 84.97 9.99 0.50 3.03 0.50 1.01 0.150
500 13.0 5 99.95 82.60 10.65 0.45 4.22 0.64 1.44 0.174
1000 8.0 10 99.94 79.70 12.40 0.50 4.96 0.77 1.68 0.203
1800 4.0 18 99.89 76.87 14.40 0.57 5.45 0.87 1.83 0.231
2000 4.0 20 99.88 76.16 14.82 0.58 5.64 0.90 1.89 0.238
2500 4.0 25 99.85 74.58 15.74 0.60 6.07 0.97 2.04 0.254
4000 4.0 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5000 4.0 50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 25.0 0 97.303 84.97 9.99 0.50 3.03 0.50 1.01 0.150
200 18.0 2 99.888 84.21 10.03 0.46 3.55 0.55 1.20 0.158
500 21.60 5 99.912 81.55 10.68 0.43 4.92 0.69 1.72 0.184
1000 38.1 10 98.886 32.89 13.08 0.34 33.63 2.34 17.72 0.671
1800 64.5 18 96.345 9.91 3.94 0.11 16.63 0.76 68.66 0.901
2000 71.1 20 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3000 104.1 30 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4000 137.1 40 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5000 170.1 50 0.000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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(b) 1 L water + 10 L gas 
 
Depth Temp Hyd P Sum HC Methane Ethane Ethylene Propane Propylene n-Butane C2-4/C1-4 
m C MPa mol % mol % mol % mol % mol % mol %
0 25.0 0 97.30 85.00 10.00 0.50 3.00 0.50 1.00 0.150
500 13.0 5 99.95 84.98 10.01 0.50 3.01 0.50 1.00 0.150
1000 8.0 10 99.95 84.96 10.02 0.50 3.01 0.50 1.00 0.150
1800 4.0 18 99.92 84.95 10.03 0.50 3.01 0.50 1.00 0.151
2000 4.0 20 99.91 84.94 10.03 0.50 3.02 0.50 1.01 0.151
3000 4.0 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4000 4.0 40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5000 4.0 50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0 25.0 0 97.30 85.00 10.00 0.50 3.00 0.50 1.00 0.150
200 18.0 2 99.89 84.99 10.00 0.50 3.00 0.50 1.00 0.150
500 27.9 5 99.88 84.97 10.01 0.50 3.02 0.50 1.01 0.150
1000 44.4 10 99.74 84.89 10.04 0.50 3.05 0.51 1.02 0.151
1800 70.8 18 99.20 84.61 10.16 0.50 3.15 0.52 1.06 0.154
2000 77.4 20 98.99 84.50 10.21 0.50 3.20 0.53 1.07 0.155
3000 110.4 30 97.27 83.45 10.58 0.50 3.65 0.58 1.25 0.166
4000 143.4 40 94.04 80.64 11.19 0.49 5.06 0.70 1.93 0.194
5000 176.4 50 86.96 67.33 11.05 0.43 10.34 0.91 9.94 0.327
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In the outer shelf setting the temperature profile with depth is very 
different from the deep ocean (Figure 3.15). While the hydrostatic pressure 
increase with depth displays almost the same trend in both settings, the 
temperature first decreases from the sea level downwards, reaches the coolest 
point above the shelf sediment surface at about 200 m and then increases 
depth to 178 °C at 5,000 m.  The bubble point occurs at approximately 1,700 m 
in the gas-lean case and deeper then 5,000 m in gas-rich water case.  
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Table 3.4 Modeled molar, mass, and volume fraction (%) of the liquid and 
vapour phases in two modeled systems:  
(a) 1 L water + 0.1 L gas 
 
Depth Temp Hyd P Molar Fraction
Mass 
Fraction
Volume 
Fraction
Molar 
Fraction
Mass 
Fraction
Volume 
Fraction
m C MPa
0 25.0 0 99.99 99.99 91.98 0.01 0.01 8.02
500 13.0 5 99.99 99.99 99.91 0.01 0.01 0.09
1000 8.0 10 100.00 100.00 99.97 0.00 0.00 0.03
1800 4.0 18 100.00 100.00 99.99 0.00 0.00 0.01
2000 4.0 20 100.00 100.00 99.99 0.00 0.00 0.01
2500 4.0 25 100.00 100.00 99.99 0.00 0.00 0.01
4000 4.0 40 100.00 100.00 100.00 0.00 0.00 0.00
5000 4.0 50 100.00 100.00 100.00 0.00 0.00 0.00
0 25.0 0 99.99 99.99 91.98 0.01 0.01 8.02
200 18.0 2 99.99 99.99 99.67 0.01 0.01 0.33
500 21.60 5 100.00 100.00 99.92 0.00 0.00 0.08
1000 38.1 10 100.00 100.00 100.00 0.00 0.00 0.00
1800 64.5 18 100.00 100.00 100.00 0.00 0.00 0.00
2000 71.1 20 100.00 100.00 100.00 0.00 0.00 0.00
3000 104.1 30 100.00 100.00 100.00 0.00 0.00 0.00
4000 137.1 40 100.00 100.00 100.00 0.00 0.00 0.00
5000 170.1 50 100.00 100.00 100.00 0.00 0.00 0.00
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(b) 1 L water + 10 L gas 
 
Depth Temp Hyd P Molar Fraction
Mass 
Fraction
Volume 
Fraction
Molar 
Fraction
Mass 
Fraction
Volume 
Fraction
m C MPa
0 25.0 0 99.25 99.21 10.17 0.75 0.79 89.83
500 13.0 5 99.27 99.23 87.78 0.73 0.77 12.22
1000 8.0 10 99.27 99.23 94.61 0.73 0.77 5.39
1800 4.0 18 99.27 99.23 97.17 0.73 0.77 2.83
2000 4.0 20 99.27 99.23 97.37 0.73 0.77 2.63
3000 4.0 30 100 100 100 0.00 0.00 0.00
4000 4.0 40 100 100 100 0.00 0.00 0.00
5000 4.0 50 100 100 100 0.00 0.00 0.00
0 25.0 0 99.25 99.21 10.17 0.75 0.79 89.83
200 18.0 2 99.27 99.23 71.72 0.73 0.77 28.28
500 27.9 5 99.27 99.23 87.09 0.73 0.77 12.91
1000 44.4 10 99.28 99.24 93.35 0.72 0.76 6.65
1800 70.8 18 99.30 99.26 95.99 0.70 0.74 4.01
2000 77.4 20 99.31 99.27 96.32 0.69 0.73 3.68
3000 110.4 30 99.40 99.36 97.48 0.60 0.64 2.52
4000 143.4 40 99.61 99.57 98.60 0.39 0.43 1.40
5000 176.4 50 99.98 99.97 99.93 0.02 0.03 0.07
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Figure 3.14 Modeled vapour volume and percent methane in vapour phase 
(gas) as a function of temperature and pressure changes for deep ocean 
example.  
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The absolute amount of gaseous hydrocarbons (C1-4) has a strong influence 
on the methane partitioning to the vapour and liquid phase (Figure 3.16). In 
the gas-lean water (0.10 L gas per 1 L of water) deep ocean example, the 
vapour phase (exsolved gas) gas wet fraction decreases approximately 10% 
(0.25 to 0.15).  In the gas-rich water (10.0 L gas per 1 L of water) deep ocean 
example, the vapour phase (exsolved gas) gas wet fraction is essentially the 
same (0.15). The gas-lean water (0.10 L gas per 1 L of water) outer shelf 
example, the vapour phase (exsolved gas) gas wet fraction decreases 
approximately 80% (0.90 to 0.10). In the gas-rich water (10.0 L gas per 1 L of 
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water) outer shelf example, the vapour phase (exsolved gas) gas wet fraction 
change is less, 0.30 to 0.12.  
 
 
Figure 3.15 Modeled vapour volume and percent methane in vapour phase 
(gas) as a function of temperature and pressure changes for outer shelf 
example. 
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Figure 3.16 Modeled variation of wet gas fraction for deep ocean and outer 
shelf examples for low and high concentration seepage (0.10 L gas per 1 L of 
water and 10.0 L gas per 1 L of water). 
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3.5. Evaluation of surface compound specific isotopic analysis data 
3.5.1. Variation in compound specific isotopic values of gases 
The most abundant light hydrocarbon present in most marine sediments is 
methane (C1). The large majority of the stable carbon isotope data (δ13Cn) 
available is therefore measured on methane. Ethane and propane stable 
carbon isotope ratios are only measured when sufficient concentrations are 
present.  
Abrams (1989 and 1996b) demonstrated the stable carbon isotope ratio of 
methane displays a positive correlation with methane concentration (Figure 
3.17a). Sediment samples with small concentrations of methane gas generally 
display heavier carbon isotope ratios (more than -45 per mil) whereas 
sediment samples with large concentrations of methane gas generally display 
lighter carbon isotope ratios (less than -55 per mil). Abrams believed the 
correlation was related to mixing with in-situ bacterial gas for the large 
concentration samples and secondary bacterial alteration (oxidation) with low 
concentration samples (Abrams, 1989 and 1996). Abrams identified three 
groups of sediment gases: 
Type I: Sediment gases with small concentrations of methane and heavy 
methane carbon isotope ratios, bacterially altered. 
Type II: Sediment gases with large concentrations of methane and light 
methane carbon isotope ratios, bacterial sourced gas or mixed with in-situ 
bacterially derived gases. 
Type A: Sediment gases with elevated concentrations of methane and 
carbon isotope ratios within the thermogenic range indicating presence of 
thermogenic seepage. 
The sediment gases in the above study are mainly derived adsorbed 
bound gases (see Chapter 2 Section 2.3.4). The bound gases are extracted from 
the less than 63 µm portion after wet sieving using the Horvitz acid extraction 
method procedure (Horvitz, 1972).  Note that similar observations where 
made with the headspace interstitial sediment gases (Figure 3.17b).  
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Figure 3.17 Methane stable carbon isotope ratio versus methane concentration 
from two major seabed geochemical surveys displaying a correlation of gas 
concentration with methane carbon isotopic value with some exceptions: 
a. adsorbed extracted gases (Abrams 1989 and 1996b). 
 
b. headspace extracted gases (Abrams 1989 and 1996b). 
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Several sizable methane carbon isotope ratio datasets derived from 
conventional headspace extracted interstitial sediment gases have been 
assembled as part of my PhD research global surface geochemical survey 
database. The surface geochemical datasets include (Appendix 1, 2, and 3): 
• two geochemical surveys from offshore Gulf of Mexico, 
• one regional survey from offshore Africa, and 
• one field specific survey from offshore southeast Asia.  
The gas concentration correlation with methane carbon isotopic ratios 
noted by Abrams in the 1989 and 1996b publications is not seen in the 
offshore Gulf of Mexico, west Africa, or Southeast Asia datasets (Appendix 1, 
2, and 3). Note that only samples with elevated total gas concentrations, 
generally greater than 10,000 ppm by volume (equipment limitations) are 
analyzed in most of the surface geochemical survey database surveys 
(Abrams, 1996).   
The two Gulf of Mexico datasets provide different results (Figures 3.18 a 
and b) using similar collection, processing, and analytical methods. The Area 
1 survey was collected over a specific producing field along major surface 
leak points (migration pathways) contains sediment gases with methane 
carbon isotopes within the thermogenic range (δ13C1 -40.0 to -60.0 per mil).  
The Area 2 data was a regional surface geochemical survey and contains 
sediment interstitial gases with methane carbon isotopes within the bacterial 
gas range (δ13C1 -60 to -105 per mil) with one exception.  The single sample 
with a very heavy methane carbon isotope ratio (δ13C1 -32 per mil) is most 
likely bacterially altered (see discussion in Chapter 1, section 1.3).    
The offshore Africa and southeast Asia surface geochemical surveys 
display a slight correlation between headspace interstitial gas concentration 
and methane carbon isotopic ratios (Figures 3.19 and 3.20) but the correlation 
appears to be positive not negative as had been noted by Abrams in his 1989 
and 1996b papers. The methane carbon isotopic ratios range from δ13C1 -45 
(thermogenic) to -115 per mil (bacterial by carbonate reduction). Examination 
of other geochemical parameters such as gas wetness and presence of 
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anomalous thermogenic high molecular weight hydrocarbons would assist in 
evaluating source of the anomalous gases and potential significance (Abrams, 
2005). 
 
Figure 3.18 Methane headspace carbon isotopes versus total gas concentration 
for two Gulf of Mexico seabed geochemical surveys: (a) Samples collected 
along major migration pathways above petroleum charged structure. 
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 (b) Samples collected along regional major migration pathways. 
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Figure 3.19 Headspace methane carbon isotopes versus total gas 
concentration for seabed geochemical survey in Southeast Asia collected 
along major migration pathways during a regional reconnaissance survey. 
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Figure 3.20 Headspace methane carbon isotopes versus total gas 
concentration for seabed geochemical survey in offshore west Africa collected 
along major migration pathways during a regional reconnaissance survey. 
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The isotopic composition of methane will vary due to sediment extraction 
procedure. Horvitz (1972 and 1985b) demonstrated bound gases from the less 
than 63 µm portion after wet sieving using the Horvitz acid extraction method 
provided methane carbon isotopic values significantly heavier than the 
corresponding headspace gases (Figure 3.21).  It was Horvitz’s belief that the 
interstitial gases are mainly from bacterial sources and bound gases derived 
from the migrated thermogenic sources and thus will display an isotopic shift 
from light to heavy on sample splits (Horvitz, 1985b.)   
The isotopic shift displayed in Figure 3.21 could also be related to other 
factors. The isotopic shift below 25 cm ranges from -18 to -24 per mil whereas 
the isotopic shift above 25 cm ranges from -24 to -37 per mil. Note the 
shallowest two adsorbed samples display a significant shift towards heavier 
methane carbon isotopes relative to the two deeper samples. The shallowest 
adsorbed extracted gas sample has a δ13C1 -23.0 per mil which is very heavy 
relative to methane found in most conventional reservoir gases (Hunt, 1996).  
These observations indicate possible fractionation effects from methane 
oxidation and ZMD diffusive loss.   
 
Figure 3.21 Isotopic shift of adsorbed and free sediment gas methane carbon 
isotopes from Horvitz published studies (modified from Horvitz, 1985).  
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     To better understand the isotopic shift noted by Horvitz (1985), Abrams 
examined bulk (whole sediment sample) versus sieved adsorbed methane 
isotopes using replicates samples collected from near-surface Bering Sea 
sediments at key migration leak points (Abrams, 1989 and 1996). The bulk 
bound (adsorbed) gases provide methane carbon isotopes consistently lighter 
than the replicate sieved bound gas methane carbon isotopes (Figure 3.22) 
with differences ranging from -6 to -27 per mil. Abrams (1987 and 1996a) 
thought these results confirmed Horvitz’s adsorbed gas hypothesis. Work 
undertaken in this thesis research project laboratory studies provides clues to 
why the isotopic shift is present (Chapter 5). 
 
Figure 3.22 Comparison of bulk versus sieved adsorbed methane carbon 
isotopic ratios for replicate Bering Sea samples. The bulk bound gases provide 
methane carbon isotopes consistently lighter than the replicate sieved bound 
gas methane carbon isotopes (adapted from Abrams, 1989 and 1996b). 
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3.5.2. Comparison seabed gases with reservoir gases 
Rarely do surface geochemists have the opportunity to compare surface 
migrated gas isotopic ratio values to the corresponding produced reservoir 
gases. These datasets are few due to the difficulty in collecting and analyzing 
gas samples as well as the charges associated with the collection and analysis 
of pressurized gas samples. In addition, the few good datasets are locked in 
proprietary industry files and rarely published. Empirical observations from 
the global surface geochemical survey database indicate that gases collected 
during surface geochemical surveys along major migration pathways can 
vary greatly when compared to the corresponding reservoir gases. The global 
surface geochemical survey database contains two good examples: 
Southeast Asia  
A series of 20 site specific cores were collected above a South China Sea 
fault dependent trap with significant oil and gas reserves. The presence of a 
large chimney zone provided evidence that active leakage of reservoir gas 
had occurred. Three cores with elevated adsorbed (Horvitz extraction 
method) and interstitial gases (conventional headspace method) were chosen 
for isotopic analysis of the methane (δ13C1) (see Figure 1.9). The methane 
carbon isotopes (δ13C1) for adsorbed extracted sediment gases ranged from -34  
to -35 per mil and -34 to -52 per mil for the headspace extracted sediment 
interstitial gases for replicate samples (Abrams, 1989 and 1996b). The South 
China Sea survey data supported Horvitz’s concept that adsorbed 
hydrocarbons reflect the migrated reservoir hydrocarbons whereas headspace 
interstitial sediment gases was similar or lighter than the reservoir gas. 
Offshore Gulf of Mexico  
A series of site specific cores (15 samples) were collected above a Gulf of 
Mexico fault dependent trap with significant oil and gas reserves. Near- 
surface sediment cores were collected along major migration pathways with 
liquid hydrocarbon indications of macroseepage (effusive migration).  The 
methane isotopic ratios from the surface sediment core samples range from 
δ13C1 –68 to -37 per mil (Figure 3.23). The reservoir methane gas ranged from 
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δ13C1 –57 to -54 per mil. Only 5 of the 15 shallow sediment samples provided 
results within the reservoir gas boundaries (Abrams, 2005). The shallow gas 
samples with methane isotopic ratios lighter than the reservoir gases are most 
likely the result of mixing with in-situ derived bacterial gases. The shallow 
gas samples with methane isotopic ratios heavier than the reservoir gases are 
most likely the result of secondary alteration due to bacterial oxidation.   
 
Figure 3.23 Comparison of surface sediment headspace and reservoir methane 
carbon isotopic ratios for Gulf of Mexico seabed geochemical survey. The 
methane isotopic ratios from the surface sediment cores range from δ13C –68 
to -37 per mil and reservoir methane gas ranged from δ13C –57 to -54 per mil. 
(Abrams, 2005). 
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3.6. Near-surface disturbed zone effect on gas measurements 
The early surface geochemical surveys, prior to 1980, obtained sediment 
samples from the sediment core base only. Few questioned the distribution of 
migrated hydrocarbons would vary greatly with sampling depth (Abrams, 
1992). Approximately 800 shallow gravity cores (less than 1.5 meters) were 
collected over large shallow seismic chimney disturbance zones (Abrams, 
1992 and 1996a). Despite the fact the seismic profiles demonstrated abundant 
shallow gas, none of the near surface sediment samples contain anomalous 
shallow gas (Figures 2.1 and 2.2).   
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Two subsequent seabed geochemical surveys utilized new deep coring 
methods; the Abrams-Exxon (AE) gravity corer (Abrams, 1982) and jet-push 
core technique (high pressure water used to remove sediment and in line 
push corer to collect sample) to obtain near-surface sediment samples with a 
maximum depth of 45 meters below the water sediment interface (mudline).      
Examination of total sediment interstitial gas [headspace ∑C1-C5 + 
blender/loosely bound ∑C1-C5] indicates core samples collected from less 
than 1 to 3 meters have low interstitial gas concentrations. Samples collected 
from greater than 4 meters have elevated interstitial gas concentrations and 
samples from deeper than 5 to 6 meters have very large total interstitial gas 
concentrations and indications of thermogenic liquid hydrocarbons (presence 
of gasoline range hydrocarbons, C5-C8) (Figure 3.24). 
 
Figure 3.24 Distribution of total sediment interstitial gas relative to depth for 
Bering Sea Alaska core samples (each point represent average value per 
depth). Total sediment interstitial gas, samples less than 1 to 3 meters have 
low interstitial gas concentrations, greater than 4 meters elevated 
concentrations, and samples deeper than 5 to 6 meters large total gas 
concentrations and indications of thermogenic liquid hydrocarbons (Abrams, 
1992). 
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Examination of published surface geochemical data collected from several 
offshore Gulf of Mexico seabed geochemical surveys display similar 
geochemical results as found in the Bering Sea example. Note the Faber et al. 
(1990) survey contains both free (headspace) and adsorbed (acid extraction) 
sediment gas data (Figure 3.25). The adsorbed gas concentrations display 
similar concentrations and compositions in both the shallow and deeper parts 
of the cores whereas the free (headspace) gas provides low concentration dry 
gas with heavy methane carbon isotopes within the 1 to 2.5 meter zone and a 
high concentration dry gas with heavy methane carbon isotopes within the 2.5 
to 4.0 meter zone. Note this dataset has been used by Faber et al. (1990) and 
others as strong evidence the adsorbed gas provides a migrated hydrocarbon 
signal whereas the free gas provided a mixed, altered, or in-situ gas derived 
signal. 
 
 
Figure 3.25 Variation in free and adsorbed gas concentration and methane 
carbon isotopes from gravity cores collected in offshore Gulf of Mexico 
surface geochemical survey (Faber et al., 1990). 
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In the other published example from the Gulf of Mexico, Anderson et al. 
(1983) show the variation of sediment interstitial methane and sum of ethane 
to pentane gas concentrations with depth (Figure 3.26). This indicates the 
variation of light hydrocarbons gases extracted from shallow sediment cores 
with depth occurs in both the more passive Bering Sea seepage system as well 
as the more active Gulf of Mexico seepage system. 
 
 
Figure 3.26 Variation in headspace methane and wet gases with depth from 
gravity cores collected in offshore Gulf of Mexico seabed geochemical survey 
(Anderson et al., 1983). 
 
 
 
In most marine sediments, the very near-surface sediments are within the 
aerobic zone where microorganisms utilize dissolved interstitial oxygen for 
respiration (Figure 3.27 and 3.28). Oxygen concentrations will become zero 
when the diffusive processes can no longer replace oxygen consumed by the 
aerobes. The sediments quickly become anoxic and the sulfate reducing 
bacteria become dominant with the depletion of oxygen.  Non methanogens 
(sulfate reducing bacteria) metabolize available labile carbon. Once available 
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dissolved sulphate is exhausted, generally at a depth of 1 to 4 meters in most 
marine sediments, methanogensis will start using competitive substrates. 
Carbonate reduction becomes the dominant methanogenic pathway under 
these conditions because methanogenic substrates such as acetate are 
depleted, and bicarbonate is readily available. 
 
Figure 3.27 Near-surface marine sediment processes (adapted from Claypool 
and Kaplan, 1974).  
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Figure 3.28 Sediment depth profile of methane concentration and carbon 
isotope composition in marine and freshwater environments. A=oxic zone; 
B=sulphate reduction zone, C=main methanogenic zone; D=zone of substrate 
depletion and/or shift to alternative substrate for methanogenesis. (modified 
from Whiticar, 1999). 
 
 
 
 
The biological processes described above are well understood and their 
effect on altering and mixing with migrated thermogenic hydrocarbon gas 
and liquids. In addition to biological activity, other processes within the 
upper 10 meters can greatly affect the migrated gas signature such as 
differential fractionation and pore water flushing. This near surface transition 
zone has been called the Zone of Maxmium Disturbance (ZMD) by Abrams 
(1987, 1992, and 1996a) and represent the shallow zone where the near-surface 
migrated geochemical signal is often lost, altered, and/or mixed making 
recognition of migrated seepage difficult. This was the case in the Bering Sea 
example previously discussed.  Near-surface gravity cores did not recognize 
the shallow gas whereas deeper cores could detect the migrated hydrocarbon 
gases (Figure 3.29). 
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Figure 3.29 Variation in total free and sorbed hydrocarbon gases in Navarin 
Basin, Alaska (Abrams, 1989 and 1996b).  
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A similar ZMD zone appears to be present within the onshore soil seepage 
system. The global surface geochemical database includes an unpublished 
interstitial soil gas survey over a leaky pipeline.  The survey data was made 
available courtesy of Dr. Dan Vice from Penn State University. The soil survey 
was conducted over an extended period of time prior to and after pipeline 
repair.  
The pipeline gas composition is well characterized using conventional gas 
chromatography. The interstitial soil gas concentration and relative amounts 
of each gas component (methane, ethane, propane, butane, and pentane) 
collected near the leak point 3 days prior to the repair work is shown in 
Figure 3.30a. The interstitial soil gas concentration and relative amounts of 
each gas component (methane, ethane, propane, butane, and pentane) 
collected near the leak point 29 days after repair work is shown in Figure 
3.30b. 
The gas sample collected prior to the pipeline repair has a total gas 
concentration in excess of 8,500 ppm and relative amounts of methane, 
ethane, propane, butane, and pentane similar to the pipeline gases.   The gas 
sample collected 29 days after the pipeline repair has a total gas concentration 
less than 130 ppm and relative amounts of methane, ethane, propane, butane, 
and pentane very different than the pipeline gases. Methane is not the 
dominant gas component. Ethane, propane, butane, and pentane have higher 
concentrations. 
The interstitial soil gas samples collected prior to the pipeline repair 
represent bulk flow seepage with minimum mixing and/or fractionation 
whereas the soil samples collected 29 days after the repair have experienced 
significant volatile loss resulting in compositional changes known as 
differential evaporative fractionation. The more volatile methane dissipates at 
a faster rate than the wet gases leaving a residual gas with enhanced wet gas 
components. No branched hydrocarbon gas data was available. 
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Figure 3.30 Gas concentration and relative amounts of each gas component 
(methane, ethane, propane, butane, and pentane) for shallow interstitial gas 
samples collected:  
(a) before repair. 
 
 
 
 
 
 
 
 
 
 
 
 
 (b) 29 days after pipeline repair. 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.7 Comparison sediment gas and high molecular weight hydrocarbon 
measurements 
High molecular weight hydrocarbons can be extracted from near-surface 
marine sediments using low polarity organic solvents such as hexane or more 
b 
a 
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polar solvents such as dichloromethane (DCM) and then evaluated using 
extract gas chromatography. The quantification of unresolvable hydrocarbon 
and non-hydrocarbon compounds, also known as UCM, is commonly used to 
gauge the level of hydrocarbon seepage in near-surface marine sediments 
(Abrams, 2005). 
To test this hypothesis, Gulf of Mexico marine sediments were spiked with 
two different oils (biodegraded and non biodegraded oil) at varying 
concentration levels as part of this thesis research effort.  The marine 
sediments were analyzed prior to charging to confirm no in-situ thermogenic 
hydrocarbons were present. The sediments were also homogenized and 
treated with anti-bacterial agents to prevent any bacterial alteration during 
the charge experiments.  See section 4.1.1 for sediment preparation methods. 
The homogenized Gulf of Mexico sediments were charged with a non 
degraded San Jorge Basin (Argentina) oil (Figure 3.31) at four concentration 
levels 0, 100, 500, and 5,000 ppm (Table 3.5).  The San Jorge Basin oil is 75% 
saturate, 22% aromatics, and less than 2% NSO and asphaltenes. 
 
Figure 3.31 Whole oil gas chromatogram for San Jorge Basin spike oil. 
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Table 3.5 Mixing levels for the non degraded San Jorge Basin oil spiked at 
four concentration levels 0, 100, 500, and 5,000 ppm.   
 
Mix # Sample Wet Mud (g) ppm level aliquot # Water Content (%)
0 0-B-4 73.4 0 4 NA
1 1-500-2 75.9 500 2 64.3
2 2-500-2 77.5 500 2 64.3
3 3-5000-3 81.2 5000 3 64
4 4-5000-3 83.2 5000 3 63.7
5 5-100-3 84.4 100 3 64.6
6 6-100-3 85 100 3 65.3  
 
The homogenized Gulf of Mexico sediments were also charged with a heavily 
degraded Pri-Caspian Basin (Kazakhstan) oil (Figure 3.32) at four 
concentration levels 0, 50, 100, 500 ppm (Table 3.6). 
 
Figure 3.32 Whole oil gas chromatogram for Pri-Caspian spike oil. 
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Table 3.6 Mixing levels for degraded Pri-Caspian Basin oil spiked at four 
concentration levels 0, 50, 100, 500 ppm.  
  
Mix # Sample Wet Mud (g) ppm level aliquot # Water Content (%)
Blank 0-B-9 80.7 0 4 61
7 7-500-3 83 500 3 64.62
8 8-500-3 82.2 500 3 64.48
9 9-5000-3 80.2 100 3 65.09
10 10-5000-3 81.5 100 3 63.87
11 11-100-3 81.3 50 3 63.91
12 12-100-3 81.3 50 3 64.42  
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A cross plot of total UCM versus total charge concentration (volume of 
charge oil versus volume of sediment in ppm) for both the non degraded San 
Jorge Basin and heavily degraded Pri-Caspian oils display a strong correlation 
indicating the UCM can be used as a good proxy for relative level of oil 
seepage (presence of migrated hydrocarbon) (Figures 3.33 and 3.34).  
 
Figure 3.33 UCM versus charge concentration for the non degraded San Jorge 
Basin oil charge experiments. 
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Figure 3.34 UCM versus charge concentration for the heavily degraded Pri-
Caspian Basin oil charge experiments. 
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Comparison of extract GC UCM (proxy for concentration of liquid 
hydrocarbons in sediments) and total headspace gas (interstitial hydrocarbon 
gas in sediments) from two offshore Gulf of Mexico site specific seabed 
geochemical surveys over petroleum bearing structures indicate the 
relationship between sediment gas and high molecular weight hydrocarbons 
is complex. 
In offshore Gulf of Mexico Area 1, the sediment samples with anomalous 
extract GC UCM (greater than 1,000 ppm) are only found in samples with 
sediment headspace gas greater than 10,000 ppm (Figure 3.35a) with a few 
exceptions. Most interpreters would assume the anomalous sediment gas 
must be thermogenic in origin since the anomalous gas is associated with 
elevated extract GC UCM (Abrams, 2005). Examination of the wet gas fraction 
indicates that several, but not all, of the samples with anomalous sediment 
gas and extract GC UCM are derived from thermogenic processes based on 
the elevated wet gas content (greater than 0.10 or 10%) (Figure 3.35b).  No 
compound specific isotopic ratio data was available to confirm this 
interpretation.  The reservoir did contain thermogenic gases as well as oil. 
In offshore Gulf of Mexico Area 2, the samples with anomalous UCM 
(greater than 1,000 ppm) are also only found in samples with sediment 
headspace gas greater than 10,000 ppm (Figure 3.36b). Most geochemists 
would conclude the anomalous sediment gas must be thermogenic since it is 
only found in samples with elevated extract GC UCM (petroleum seepage) 
(Abrams, 2005). In this case, the wet gas fraction is very low (less than 0.01 or 
1%) indicating bacterial not thermogenic origin (Figure 3.36b). No compound 
specific isotopic ratio data was available to confirm this interpretation.  The 
reservoir in Gulf of Mexico Area 1 did contain thermogenic gases as well as 
oil. 
It is not uncommon to find elevated interstitial gas within near-surface 
sediment samples containing migrated high molecular weight hydrocarbons 
(oil). If the petroleum seepage is very active the associated gases will be 
present and detectable using appropriate sediment gas analysis methods.  But 
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if the seepage is dormant or slow, the migrated gases tend to be lost very 
quickly and are undetectable.  
The liquid hydrocarbons act as a feed stock for in-situ bacterial 
communities which can generate relatively large volumes of bacterial gas. 
Thus the presence of large concentrations of bacterial gas in association with 
samples containing anomalous extract GC UCM should not be a surprise. If 
there was a migrated gas signal present, it would be swamped by the 
overwhelming presence of in-situ derived bacterial gas. This is the basis for 
surface geochemical microbiological surveys such as Geo-Microbial 
Technologies’s MOST (Microbial Oil Survey Technique) and MicroPro 
GmbH’s MPOG (Microbial Prospecting for Oil and Gas). Leaking 
hydrocarbons from subsurface petroleum accumulations can be indirectly 
detected by measuring selected microbiological communities related to 
hydrocarbon consumption (Schumacher 1996 and 1999).  
In summary UCM is a good proxy for the presence of high molecular 
weight hydrocarbons (C12 plus) from oil migration but its presence alone with 
elevated concentrations of light hydrocarbons (C1-C5) does not confirm the 
anomalous sediment gas is derived from thermogenic sources.  The 
anomalous shallow sediment gas could be related to bacterial activity related 
to the migrated oil.  Additional geochemical data is required to fully evaluate 
the gas origin.   
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Figure 3.35 Offshore Gulf of Mexico Area 1: (a) Total headspace gas versus 
extract UCM. 
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(b) Wet gas fraction versus total headspace gas concentration. 
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Figure 3.36 Offshore Gulf of Mexico Area 2: (a) Total headspace gas versus 
extract UCM. 
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 (b) Wet gas fraction versus total headspace gas concentration. 
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3.8 Summary empirical observations relative to seepage detection 
The global surface geochemical survey database collected as part of this 
research project provides critical information to develop empirical 
observations critical to understanding and evaluating seabed geochemical 
measurements: 
• proper separation of background versus anomalous samples, 
• recognition that sediment gases follow a log normal distribution,  
• the application of normal distribution descriptors such as mean, 
standard deviation, and variance have limited statistical validity in a 
log normal distributed surface geochemical dataset, 
• potential compound specific fractionation with low concentration 
background samples,  
• different analytical methods are currently used to remove gases from 
recent sediments, 
• gas compositions vary greatly with different sediment gas extraction 
methods from replicate samples,  
• compositions of seabed gases collected along major migration 
pathways vary greatly when compared to the corresponding reservoir 
gases, 
• compositional phase modeling indicates minimal fractionation will 
occur in a low concentration closed system, 
• stable carbon isotopic ratio values vary greatly relative to the analytical 
method used to extract the sediment gases and total gas 
concentrations,  
• near-surface processes both physical and biological (pore water 
flushing, hydrocarbon partitioning, localized seals, and bacterial 
alteration) can alter or block the migrated petroleum seepage signal, 
and 
• presence of anomalous high molecular weight hydrocarbons is not 
conclusive evidence that sediment gas is thermogenic.  
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The empirical observations above have provided the framework to 
develop working hypotheses and organize laboratory experiments to test 
these working hypotheses. 
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Chapter 4.0  
Design and optimization of gas charge experiments for 
recreating surface seepage in the laboratory 
 
A fundamental goal of this research study is to evaluate sediment gases as 
indicators of subsurface generation and entrapment. The last chapter 
developed empirical observations from existing global surface geochemical 
datasets. The goal of this chapter is to review the gas charge experiment 
design to recreate surface seepage in the laboratory and test different gas 
extraction methods. The sediment preparation and gas charge work was 
undertaken at the University of Utah as part of the Surface Geochemistry 
Calibration research project under the direction of the author.   
4.1 Gas charge evaluation program 
4.1.1 Sediment preparation procedures 
The gas charge experiments require uniform sediments representing 
typical deep sea and slope marine sediments. The sediment must have the 
same properties within the entire volume (homogenous), no interstitial 
hydrocarbon gases or bacteria as a potential source of gas, and free of un-
homogenized clumps. In addition, the sediment preparation process should 
not change the natural behavior of the sediment such as clay sorption. Thus 
no acids were used to remove potential sorbed or bound hydrocarbon gases 
or in-situ high molecular weight hydrocarbons.  
Deep sea marine sediment samples were kindly provided by TDI-Brooks 
International from two recent consortium seabed geochemical surveys:  
• offshore deep water Angola (AGD) 
• offshore deep water Gulf of Mexico 
The sediment core samples provided were extra core material unused in 
the original survey.  The sediments consisted of 6 inch capped plastic core 
liners (Figure 4.1). All cores were kept frozen until processed. 
To reach the above mentioned goals, a batch procedure for the preparation 
of sediment mixtures was developed (Figure 4.2):  
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1. Thaw 6 inch sediment (core) samples for each batch overnight in a 5 
gallon container. 
2. Add 3 liter NaCl solution (35 g/l) in deionized water to the mud 
sample. 
3. Stir and homogenize the mud suspension using a high speed 
industrial drill and thin set mixer blade (Figure 4.3).  
4. Separate coarse grains and clumps from the suspension using 
sieve (opening 0.156 in). 
5. Perform X-ray diffraction analysis of clay fraction on oriented 
slides. 
6. Add fine grained sand (30 to 100 mesh Ottawa sand) to every 
other batch (1:6 or 4.3 % sand) and homogenize. NOTE: The sand 
was added to provide similar sediment properties as near-surface 
shelf break sediments. 
7. Add sodium azide (NaN3) bactericide, 0.3 ml of 5% solution per 
batch1 and stir. 
8. Let suspension settle in the container overnight. 
9. Remove water from sediment suspension using vented 1 liter 
bucket centrifuge system (3,000 rpm for 15 min) (Figure 4.4).  
10. Refrigerate sediment batch in a 5 liter plastic container. 
 
 
1 The amount of sodium azide required to eliminate in-situ bacteria was 
unknown. I contacted several surface geochemical contractor laboratories 
currently using sodium azide to assist in the prevention of bacterial activity. 
None of the surface geochemical contractors I contacted could provide in-
house laboratory studies or published studies which examined the amount 
required to prevent bacterial activity.  I decided to use 0.1 ml sodium azide 
solution per 1 liter of added water as currently used by the surface 
geochemical contractors.  
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Figure 4.1 TDI-Brooks frozen sediment core material from two offshore 
geochemical surveys in 6 inch plastic liners. Sections collected from larger 
offshore piston cores.  
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Figure 4.2 Schematic of batch procedure used for gas and oil charge sediment 
preparation. 
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Figure 4.3 Mixing sediment from 6 inch core tubes with 2.5 liter of salt-water 
solution (3.5% NaCl) in 5 gallon container. Stir and homogenize the mud 
suspension using a high speed industrial drill and thin set mixer blade. 
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Figure 4.4 Remove water from sediment suspension using vented 1 liter 
bucket centrifuge system (3,000 rpm for 15 min). 
 
 
 
The marine sediments were examined using several analytical 
procedures: 
• Bulk mineral composition: X-ray diffraction  
• Clay composition: X-ray diffraction 
• TOC (total organic carbon): standard LECO  
The clay and bulk mineral composition for the two deep sea marine muds 
provided are: 
Angola Mud: Clay is dominant kaolinite, discrete illite traces of the 85%, and 
almost no chlorite. 
Gulf of Mexico Mud: Clay is dominant smectite (60% in I-S), discrete illite, 
minor chlorite, and almost no kaolinite. 
Three sediment types were prepared for the gas charge and oil spiking 
experiments;  
1. 100% Angolan deep sea mud,  
2. 85% Angolan deep sea mud and 15% sand (Figure 4.5), and 
3. 100% Gulf of Mexico deep sea mud. 
The measured total organic carbon and clay composition for each mixing 
batch is shown in Table 4.1. 
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Figure 4.5 Addition of sand to processed mud, 15:85 sand:mud. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.2 Gas charge protocols 
Each laboratory was provided with a replicate sample set: 
• University of Utah Energy & Geoscience Geochemistry Laboratory 
in Salt Lake City Utah, USA. 
• University of Victoria Geochemistry Laboratory in Victoria BC, 
Canada. 
• TDI Brooks International B&B Laboratories in College Station, 
Texas, USA. 
• Geolab Nor AS laboratories in Trondheim, Norway. 
The field sampling protocols provided by participating laboratories were 
followed to make sure sample preparation procedures are in accordance with 
the contractor laboratory’s standard field practices.  
The original plan was to collect sediment sub-samples from a gas flux 
chamber. The gas flux chamber was designed to simulate natural seepage 
through sea floor sediments in the laboratory and provide four (4) equal gas 
charged sediment fractions. Each “replicate” fraction would then be sent to 
 161
different laboratories for analysis.  The principal assumption was that each 
mud sample would contain the same relative gas charge. The first phase of 
our gas flux chamber laboratory experiments indicated gas was migrating 
along the flux chamber sides and pressure induced fractures, not evenly 
through the sediments (see Chapter 6.0 for details). To avoid heterogeneity 
issues within the “replicate” samples, the charge process was modified.  
 
Table 4.1 Batch number, TOC (in percent derived from dry samples using 
LECO method), and clay composition based on XRD pattern for processed 
sediments to be used in the gas and oil charge experiments.  
 
Batch 
No. 
Type TOC 
(weight%) 
Clay composition 
1 Mud 0.97 Ka> I  >I/S 
2 Sandy Mud 1.16 Ka> I  >I/S 
4 Sandy Mud 0.94 Ka> I  >I/S> Cl 
5 Mud 1.65 Ka> I  >I/S> Cl 
6 Mud 1.24 Ka> I  >I/S> Cl 
7 Sandy Mud 0.73 Ka> I  >I/S 
8 Mud 2.19 Ka> I  >I/S 
9 Sandy Mud 1.11 Ka> I  >I/S 
10 Sandy Mud 1.03 Ka> I  >I/S 
11 Mud 2.08 Ka> I  >I/S> Cl 
12 Sandy Mud 0.70 Ka> I  >I/S 
13 Sandy Mud 1.51 Ka> I  >I/S 
14 Mud 2.31 Ka> I  >I/S 
15 Mud 0.94 I/S >= I > Cl>Ka 
16 Mud 0.85 I/S >= I > Cl>Ka 
17 Mud 1.12 I/S >= I > Cl>Ka 
 
Ka = kaolinite 
I = illite 
I/S = illite-smectite 
Cl = chlorite 
 
A procedure had to be developed to ensure that the amount of gas charge 
within each replicate sample was the same. Each contract laboratory sample 
can was filled with processed marine sediment and closed as instructed in 
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accordance with the laboratory’s prescribed protocol. In the next step, the 
sealed can with the processed uniform sediment, water (contractor 
dependent), and inert gas (contractor dependent); is charged via a series of 
syringe injections through a silicone septum on the can bottom (Figure 4.6) 
with known volumes of standard gases. 
 
Figure 4.6 Charging individual sample can with known volume and type of 
gas using syringe injection via silicone septum on sample can bottom.  
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Two sediment types were used for gas charging: 
1. Processed offshore Angolan marine mud provided by TDI-Brooks 
International to simulate a deep sea marine sediment, and 
2. Processed offshore Angolan mud mixed with 15% medium sand to 
simulate upper slope sediment.   
Six batches of mud (three of each sediment type) were prepared. Two gas 
standards were provided by Sherry Laboratories and tested by ISOTECH1: 
1. dry gas: 98% methane by mole percent. 
 
 
 
 
2. wet gas: 85% methane by mole percent. 
 
 
 
 
 
 
Replicate sets of 30 cans were prepared for each laboratory.  Five aliquots 
from each of the six batches were prepared for each of the four contract 
laboratories.   Each laboratory received a blank aliquot and four gas charged 
aliquots of each batch.  The four gas charges were:  
1) wet gas, “high” concentration (50,000 ppm by volume),  
2) wet gas, “low” concentration (10,000 ppm by volume), 
3) dry gas, “high” concentration (50,000 ppm by volume), and  
4) dry gas, “low” concentration (10,000 ppm by volume). 
1 Website: www.isotechlabs.com 
 
Gas Component Dry gas (mol%) Dry gas (wt%) 
Methane 98.00 95.889 
Ethane 1.50 2.736 
Ethylene 0.05 0.085 
Propane 0.30 0.804 
Propylene 0.05 0.128 
N-butane 0.10 0.358 
Gas Component Wet gas (mol%) Wet gas (wt%) 
Methane 85.0 72.131 
Ethane 10.0 15.894 
Ethylene  0.5 0.745 
Propane  3.0 7.029 
Propylene  0.5 1.111 
N-butane  1.0 3.090 
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The 10,000 ppm and 50,000ppm values for the low and high concentration 
levels are based on examination of the large calibration database reviewed in 
Section 3.2. The 10,000 ppm value provides a good value to separate 
background and anomalous populations in worldwide marine sediments 
using conventional headspace analysis. The 50,000 ppm value represents the 
lower end of large volume macroseepage note in the worldwide calibration 
database.    
The sample preparation followed the exact instructions provided by the 
individual contract laboratory in order to replicate their standard field 
operations. A summary of each protocol is summarized below: 
 
TDI-Brooks 
A 500 ml metal sample can provided by TDI-Brooks is filled with 170 ml of 
processed sediment, 160 mL of 3.5% NaCl in H2O solution, and remaining 
headspace ambient gases flushed with N2 gas (Figure 4.7). Two standard 
gases (wet and dry) are injected directly into the sample can through a 
silicone septum at two volumes, a low rate 1.7 ml gas/can (10,000 ppm by 
volume) and high rate 8.5 mL gas/can (50,000 ppm). The sample can with 
charged mud is stored frozen at -15° to -20°C.  
 
Figure 4.7 Charge protocol for TDI-Brooks sample cans, 170 ml of processed 
sediment, 160 mL of 3.5% NaCl in H2O solution, and remaining headspace 
ambient gases flushed with N2 gas. 
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Geolab Nor 
A 500 ml metal sample can provided by Geolab Nor is filled with 375 ml of 
processed sediment and remaining headspace ambient gases flushed with N2 
gas (Figure 4.8). Two standard gases (wet and dry) are injected directly into 
the sample can through a silicone septum at two volumes, a low rate 3.8 
mlgas/can (10,000 ppm by volume) and high rate 18 ml gas/can (50,000 
ppm). The sample can with charged mud is stored at -15° to -20°C. The 
sample cans were not stored at -80°C as recommended by Geol Nor a freezer 
with -80°C capabilities was unavailable.  
 
Figure 4.8 Charge protocol for Geolab Nor sample cans, 500 ml metal sample 
can provided by Geol Nor is filled with 375 ml of processed sediment and 
remaining headspace ambient gases flushed with N2 gas. 
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University of Victoria 
A 238 ml metal sample can is filled with 200 ml of processed sediment, 30 
ml of 3.5% NaCl in H2O solution, and remaining headspace ambient gases 
(Figure 4.9).  Two standard gases (wet and dry) are injected directly into 
sample can through a silicone septum at two volumes, a low rate 2.0 
mlLgas/can (10,000 ppm by volume) and high rate 10 ml gas/can (50,000 
ppm). The sample can with charged mud is stored at -15° to -20°C and 
shipped to Victoria, B.C., Canada frozen.  
 
Figure 4.9 Charge protocol for University of Victoria sample cans, 238 ml 
metal sample can is filled with 200 ml of processed sediment, 30 ml of 3.5% 
NaCl in H2O solution, and remaining headspace ambient gases. 
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University of Utah 
The 480 ml disrupter chamber (see section 4.2 for details) is filled with 200 
ml of processed sediment, 160 ml of 3.5% NaCl in H2O solution (brine), and 
remaining headspace ambient gases flushed with N2 (Figure 4.10).  Two 
standard gases (wet and dry) are injected directly into sample can through a 
silicone septum at two volumes, a low rate 2.0 ml gas/can (10,000 ppm by 
volume) and high rate 10 ml gas/can (50,000 ppm). The disrupter chamber 
with charge mud is stored at -15° to -20°C. 
 
Figure 4.10 480 ml prototype disrupter sediment chamber with dual septums 
is filled with 200 ml of processed sediment, 160 ml of 3.5% NaCl in H2O 
solution (brine), and remaining headspace ambient gases flushed with N2. 
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4.2 Development of a new gas extraction procedure 
4.2.1 Disrupter interstitial gas extraction method 
The disrupter interstitial gas analysis method has been designed to 
capture interstitial gases not easily released by simple vigorous shaking. Early 
work done by the author indicated that simple shaking did not release the 
interstitial light hydrocarbon gases equally to properly partition in the 
headspace (Abrams, 1992 and 1996a). Mechanical break up methods such as 
blenders and ball mills had been used with cuttings and sediments with 
variable results.  
For instance Petrobras noted different blade RPM levels and length of 
blender times provided different results (D. Miller personal communication).  
Similar observations were made by Gulf Oil Research according to Dr. Victor 
Jones (personal communication).  In addition the transfer of the sediment 
from the sample can used in the field to the laboratory blender may introduce 
a fractionation (see Chapter 5.3). 
A new sediment gas extraction procedure was required which could break 
apart the sediment without introducing the problems noted in the blender 
method.  Hence the disrupter was designed by me as a laboratory procedure 
which could remove sediment interstitial gases with minimal fractionation 
and/or alteration. The concept behind the disrupter was to have the sediment 
pass through a fixed blade. Thus the blade does not rotate but the sediment 
moves at an elevated rate of motion using a high speed unidirectional paint 
shaker. The sediment passes through the disrupter blades quickly thereby 
breaking apart the sediment and releasing the interstitial gases without any of 
the problems noted in the conventional blender and ball mill methods.    
4.2.2 Disrupter chamber engineering 
The prototype consisted of a fixed blade located within a stainless steel 
disrupter cylinder with two removal end caps (Figure 4.11).  The top cap 
contains two removable septums for headspace gas-water displacement and 
headspace gas sampling. Initial pressure and leakage tests indicated cap 
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leakage problems related to the threads and end cap connections. The 
addition of teflfon tape and an internal cap gasket eliminated any leakage.   
 
Figure 4.11 The prototype disrupter chamber consisted of a fixed blade 
located within a stainless steel disrupter cylinder with two removal end caps. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.3 Laboratory procedures for each analytical method tested 
4.3.1 Headspace gas analysis (TDI-Brooks and Geolab Nor) 
TDI-Brooks International 
The sample was shipped frozen and upside down to the B&B laboratories 
(TDI-Brooks International’s laboratory) in College Station, Texas for analysis. 
The can is thawed approximately 24 hours prior to analysis, heated to 40°C 
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for approximately 4 hours, and shaken vigorously using a conventional paint 
shaker. Ten ml of water is syringed into the can headspace using silicone 
sealant septa. Ten ml of headspace gas is collected using a syringe and 
injected in the GC for compositional analysis. The mud to headspace ratio for 
volume calculations is estimated using the weight and assumed density.   
The parts per million calculations are calculated using partition 
coefficients which represent a fraction of the total gas in sample container 
after equilibration. Bernard (1978) calculated approximately 85% to 95% of the 
gas is removed during each removal and re-equilibration as part of his 
doctoral thesis. 
Ti (total gas) = (X1/K)i 
Ci = (Cstd/Xstd)i   x   (Vstd/Vmud)   x   Ti 
T = total response of a gas in sample i 
K = partition coefficient for specific hydrocarbon 
X  = detector response  
V  = volume standard or mud 
Ci = gas concentration in mcroliters per liter wet sediment 
 
The concentration of a gas in sediment is by parts per million by volume 
(ppmV) or microliters gas (at STP) per liter sediment.   The gas composition 
data is reported as ppm by volume (mole %). 
Geolab Nor (GLN) 
The sample was frozen at -5 to -10 °C, placed upside down, and then 
shipped to the Geolab Nor laboratories in Trondheim, Norway. Sample cans 
are thawed 24 hours prior to sampling and shaken vigorously using a paint 
shaker at room temperature. No heating is applied prior to headspace 
sampling as was the case with TDI-Brooks. The headspace gas is collected 
using a syringe via silicone septa and injected in the GC for compositional 
analysis. GLN does not add water or elevate temperature prior to headspace 
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sampling.  GLN reports gas composition data in weight ng/gm of sediment 
(weight %). 
4.3.2 Ball-mill gas analysis 
Only one laboratory currently undertakes the ball mill extraction method 
as a routine sediment gas extraction procedure, Geolab Nor (Trondheim, 
Norway).  The samples were stored around -5 to -10 °C and shipped to 
Geolab Nor (GLN) laboratories in Trondheim, Norway. A 50 g (wet weight) 
aliquot of sediment is thawed and ball-milled in a sealed container fitted with 
a septum from which released interstitial gas is withdrawn. The ball mill’s 
headspace sample is analyzed by GC for hydrocarbon gas composition.  
4.3.3 Sorbed gas analysis 
Two laboratories were used for the adsorbed gas analysis, Geolab Nor in 
Trondhein, Norway and University of Victoria (Dr. Michael Whiticar’s 
laboratory) in Victoria, B.C., Canada. 
Geolab Nor 
Geolab Nor uses a 100 g aliquot (wet weight) of the less than 63 µm 
sediment fraction (wet sieved). The gas is released by acid treatment with 
ortho-phosphoric acid at 70 °C. The gas is passed through concentrated 
potassium-hydroxide solution to remove carbon dioxide and the system is 
then filled with distilled water at room temperature to concentrate the 
released gas similar to the Horvitz acid extraction method (Horvitz, 1985b). 
An aliquot of the released gas is analyzed using GC with an initial 
temperature of 50 °C and a heating rate of 8 °C/min up to 200 °C where it is 
held for 15 minutes. 
University of Victoria 
A 300 to 400 ml sediment sample is placed in a metal can or plastic bag 
and frozen for shipment to the University of Victoria for sorbed gas analysis. 
No special storage procedures are required to preserve the sediment samples 
to avoid volatile loss and/or secondary alteration by bacteria.  
The University of Victoria sorbed gas analysis uses a fixed weight wet 
sample, between 1 to 3 grams. The sediment is placed in a reaction vessel 
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which is sealed and evacuated. A small amount of saline water is added and 
the sediment-water slurry is mixed using a Vortex and ultrasonic mixer.  The 
interstitial gases are removed by vacuum. Acid (phosphoric) is added under 
reduced pressure where the sorbed gas is released to vessel headspace.  KOH 
is added to reduce carbonate generated CO2. The is pressure increased and 
sample aliquots gas collected for analysis by GC analysis. The gas data is 
reported as nmole/g ppm m by weight (mole %). 
The University of Victoria sorbed gas analysis procedure does not analyze 
the less than 63 µm wet sieved sediment fraction like the Geolab Nor and 
traditional Horvitz adsorbed gas extraction methods. The University of 
Victoria sorbed gas extraction method uses the entire sediment fraction which 
is placed in a sealed microdesorption reaction vessel (see Figure 2.30 for 
details).  Whiticar (2002) believes the interstitial gas can be removed by 
adding a brine solution and turning the sediment sample into a slurry under a 
vacuum. The brine is a saturated solution, added at room temperature, and 
the vessel is agitated afterwards to ensure clumps are broken up. The 
saturated solution minimizes the amount of dissolved gases. Any gases 
released during this process are believed to be swept away by the vacuum 
leaving only the sorbed gas phase to be removed.  
4.3.4 Disrupter interstitial gas analysis 
The disrupter interstitial gas method was developed by Michael Abrams 
in conjunction with the University of Utah’s Energy & Geoscience Institute. A 
238 ml sediment sample is placed in the 487 ml disrupter chamber with 139 
ml of sodium azide degassed brine (35 0/00) and 110 ml headspace is filled 
with chemical grade nitrogen. The sample container is frozen for analysis. The 
can is thawed in a water bath (40 °C) for 35 minutes and then vigorously 
shaken for 20 minutes in a unidirectional paint shaker. To equilibrate the 
vapour phase, the can is left to stand for 10 minutes and after that 0.1 ml 
headspace sample is remove for gas analysis.  
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4.4 Summary of design and optimization of gas charge experiments 
The gas charge experiments require uniform sediments representing 
typical deep sea and slope marine sediments. The sediment must have the 
same properties within the entire volume (homogenous), no interstitial 
hydrocarbon gases or bacteria as a potential source of gas, and free of un-
homogenized clumps. The processed sediments were placed in sample 
containers provided by the contract laboratory in accordance with their 
standard field practices. A procedure was developed to charge replicate 
samples with the two gas standards (wet and dry) and two charge levels (high 
and low) as well as sediment samples with charge for control standards.  
Replicate gas charged sediment samples were sent to: 
• TDI Brooks International: can headspace gas analysis. 
• Geolab Nor: headspace, adsorbed and ball mill (occluded) gas 
analysis. 
• University of Victoria: microdesorption gas analysis. 
• University of Utah: disrupter interstitial gas analysis. 
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Chapter 5.0 
Evaluation of sediment gas extraction methods using laboratory 
gas charged sediments 
 
5.1 Comparison charge gases to extracted gases by method 
Processed sediments were charged with two gas types, dry (98% C1 by 
mole percent) and wet (85% C1 by mole percent); and two charge levels, high 
and low (see Chapter 4.1 and 4.2 for details).  The low charge is equivalent to 
10,000 ppm by volume (microseepage) and the high charge equivalent to 
50,000 ppm by volume (macroseepage). 
5.1.1 Headspace Gas Analysis 
The gas charged samples were sent to two commercial laboratories, TDI 
Brooks International in College Station, Texas (USA) and Geolab Nor AS in 
Trondheim, Norway for headspace gas analysis.  
TDI-Brooks   
Total gas concentration for sediments with the low charge (1.7 ml) ranges 
from 2,785 to 5,658 ppm with an average value of 4,821 ppm. Total gas 
concentration for sediments with the high charge (8.5 ml) ranges from 24,708 
to 32,802 ppm with an average value of 28,004 ppm. Sediment blanks1 contain 
total gas concentrations less than 5 ppm (range 1.2 to 3.2 ppm). The total gas 
and gas composition data is summarized in Table 5.1. 
The methane percent (C1/∑C1-C4 x 100) for the low dry gas charge ranges 
from 97.6 to 98.2% (mole) and high dry gas charge ranges from 97.6 to 97.7% 
(mole). These values are very close to the dry charge gas (98.0% methane by 
mole percent) (Figure 5.1a). The methane percent (C1/∑C1-C4 x 100) for low 
wet gas charge ranges from 83.5 to 88.4% (mole) and high wet gas charge 
ranges from 83.1 to 84.9% (mole). These values are also very close to the wet 
charge gas (85.0% methane by mole percent) (Figure 5.1b). 
1 processed mud with no gas charge  
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Comparison of individual wet gas components (ethane, ethene, propane, 
propene, and n-butane) from headspace extracted sediment gas to charge gas 
indicate little to no compositional fractionation (Figure 5.2 a and b).   
Headspace sediment methane stable carbon isotopic measurements (δ13C1) 
for the low charge headspace gases range from -42.5 to -50.4 per mil and high 
charge from -42.3 to -45.4 per mil (Table 5.1b). The charge gas δ13C1 is -44.4 per 
mil.  The headspace methane stable carbon isotopic measurements were 
similar or slightly heavier by 1 to 2 per mil for the high charge samples. The 
low charge samples displayed much greater variability with samples lighter 
by as much as 6.0 per mil and heavier by 1.5 per mil.    
 
Table 5.1a Geochemical results from TDI-Brooks headspace gas analysis on 
gas charged sediments: gas composition, M=mud only, SM=sandy mud, 10% 
fine sand added, Dry= charge gas 98 mole% C1, Wet = charge gas 85 mole% 
C1, and blank = no charge.  
 
Sample Sediment Gas Volume Total Methane Ethene Ethane Propene Propane n-Butane
Number type Type ml Gas % % % % % %
TDI 2 M Wet 1.7 5282.9 83.5 0.4 10.7 0.4 3.6 1.4
TDI 4 M Dry 1.7 5237.5 97.8 0.0 1.6 0.0 0.4 0.1
TDI 6 M Wet 1.7 2785.7 87.9 0.6 9.1 0.4 1.7 0.3
TDI 8 M Dry 1.7 4774.0 98.2 0.0 1.4 0.0 0.3 0.1
TDI 10 M Wet 1.7 5117.4 83.7 0.4 10.7 0.4 3.6 1.3
TDI 12 M Dry 1.7 5264.3 97.7 0.0 1.7 0.0 0.4 0.1
TDI 14 SM Wet 1.7 4933.0 83.5 0.4 10.8 0.4 3.6 1.3
TDI 16 SM Dry 1.7 4808.8 97.6 0.1 1.7 0.0 0.4 0.1
TDI 18 SM Wet 1.7 5527.2 83.6 0.4 10.7 0.4 3.6 1.4
TDI 20 SM Dry 1.7 5444.4 97.7 0.1 1.7 0.0 0.4 0.1
TDI 22 SM Wet 1.7 3021.1 88.4 0.5 8.1 0.4 1.9 0.6
TDI 24 SM Dry 1.7 5658.5 97.8 0.0 1.7 0.0 0.4 0.1
TDI 1 M Wet 8.5 27256.9 83.4 0.4 10.8 0.4 3.6 1.4
TDI 3 M Dry 8.5 26932.6 97.6 0.0 1.7 0.0 0.4 0.1
TDI 5 M Wet 8.5 28671.2 84.9 0.4 10.3 0.3 3.2 0.9
TDI 7 M Dry 8.5 28834.4 97.7 0.0 1.7 0.0 0.4 0.1
TDI 9 M Wet 8.5 26642.5 83.2 0.4 10.9 0.4 3.7 1.4
TDI 11 M Dry 8.5 24708.5 97.6 0.0 1.7 0.0 0.4 0.1
TDI 13 SM Wet 8.5 32802.2 83.1 0.4 10.9 0.4 3.7 1.4
TDI 15 SM Dry 8.5 26188.6 97.7 0.0 1.7 0.0 0.4 0.1
TDI 17 SM Wet 8.5 31074.8 83.1 0.4 10.9 0.4 3.7 1.4
TDI 19 SM Dry 8.5 28578.0 97.6 0.0 1.7 0.0 0.4 0.1
TDI 21 SM Wet 8.5 29464.0 83.2 0.4 10.9 0.4 3.7 1.4
TDI 23 SM Dry 8.5 24894.0 97.7 0.0 1.7 0.0 0.4 0.1
TDI 25 M NG Blank 2.6 55.2 20.9 4.8 6.9 5.8 6.4
TDI 26 M NG Blank 3.2 53.7 20.4 7.3 7.6 6.6 4.4
TDI 27 M NG Blank 1.5 51.3 20.2 7.7 6.1 7.7 7.0
TDI 28 SM NG Blank 2.3 57.2 18.0 6.8 6.1 6.8 5.1
TDI 29 SM NG Blank 1.2 48.0 24.8 6.6 7.5 7.5 5.6
TDI 30 SM NG Blank 1.5 51.5 20.5 6.7 7.4 8.9 5.0  
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Table 5.1b Geochemical results from TDI-Brooks headspace gas analysis on 
gas charged sediments: compound specific carbon isotopes. M=mud only, 
SM=sandy mud, 10% fine sand added, Dry= charge gas 98 mole% C1, Wet = 
charge gas 85 mole% C1, and blank = no charge. 
 
Sample Sediment Gas Volume Total Methane Ethane Methane
Number Type Type ml gas del C13 delC13 %
TDI 2 M Wet 1.7 5283 -50.42 -28.68 83.5
TDI 4 M Dry 1.7 5237 -44.55 -27.96 97.8
TDI 6 M Wet 1.7 2786 -48.22 -28.05 87.9
TDI 8 M Dry 1.7 4774 -43.79 -28.42 98.2
TDI 10 M Wet 1.7 5117 -42.56 -27.94 83.7
TDI 12 M Dry 1.7 5264 -45.47 -28.54 97.7
TDI 14 SM Wet 1.7 4933 -47.19 -27.44 83.5
TDI 16 SM Dry 1.7 4809 -45.87 -28.61 97.6
TDI 18 SM Wet 1.7 5527 -45.26 -28.33 83.6
TDI 20 SM Dry 1.7 5444 -46.5 -28.19 97.7
TDI 22 SM Wet 1.7 3021 -48.56 -28.36 88.4
TDI 24 SM Dry 1.7 5659 -45.26 -28.22 97.8
TDI 1 M Wet 8.5 27257 -44.07 -29.03 83.4
TDI 3 M Dry 8.5 26933 -43.71 -29.12 97.6
TDI 5 M Wet 8.5 28671 -42.69 -27.34 84.9
TDI 7 M Dry 8.5 28834 -43.99 -28.16 97.7
TDI 9 M Wet 8.5 26642 -45.39 -28.18 83.2
TDI 11 M Dry 8.5 24708 -43.55 -28.15 97.6
TDI 13 SM Wet 8.5 32802 -44.26 -28.44 83.1
TDI 15 SM Dry 8.5 26189 -43.36 -28.84 97.7
TDI 17 SM Wet 8.5 31075 -44.55 -28.32 83.1
TDI 19 SM Dry 8.5 28578 -44.89 -28.26 97.6
TDI 21 SM Wet 8.5 29464 -42.86 -28.45 83.2
TDI 23 SM Dry 8.5 24894 -42.28 -28.94 97.7
 
 
 
Headspace ethane stable carbon isotopic measurements (δ13C2) for the low 
charge headspace gases range from -27.4 to -28.7 per mil and high charge 
from -27.3 to -29.1 per mil. The charge gas δ13C2 is -29.0 per mil. The low and 
high charge samples displayed similar variability with most samples 
generally heavier than the charge gas by as much as 1.5 per mil (Figure 5.3).    
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Figure 5.1 Percent methane versus total headspace gas concentration from 
TDI-Brooks headspace gas analysis: (a) dry gas and (b) wet gas. 
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Figure 5.2 Mole percent of wet gas components (ethane, ethane, propane, 
propene, and n-butane) for TDI-Brooks headspace gas analysis (a) dry gas 
and (b) wet gas. 
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Figure 5.3 Stable carbon isotopes data for methane (a) and ethane (b) from 
TDI-Brooks headspace extracted sediment gases versus total headspace gas 
concentrations (a) methane and (b) ethane. 
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 Geolab Nor:   
Total gas concentration for sediments with the low charge (3.8 ml) ranges 
from 14 to 1,432 ng/g with an average value of 351 ng/g. Total gas 
concentration for sediments with the high charge (18.0 ml) ranges from 30 to 
11,153 ng/g with an average value of 2,826 ng/g. Sediment blanks contain 
total gas concentrations ranging from 4.0 to 45.1 ng/g. The large range for the 
low and high gas charges, and overlap with background samples for the low 
total gas concentrations, is most likely due to can leakage. The total gas and 
gas composition data is summarized in Table 5.2. 
The methane percent (C1/∑C1-C4 x 100) for the low dry gas charge ranges 
from 94.5 to 99.9% (mole) and the high dry gas charge ranges from 93.3 to 
96.3% (weight). These values compare relatively well with the dry charge gas 
which contain 95.8% methane by weight percent (Figure 5.4a). The methane 
percent (C1/∑C1-C4 x 100) for the low wet gas charge ranges from 72.8 to 
75.9% (weight) and high wet gas charge ranges from 54.1 to 73.6% (weight). 
These values vary greatly when compared to the wet charge gas with 72.0% 
methane by weight percent (Figure 5.4b). 
Comparison of individual wet gas components (ethane, ethene, propane, 
propene, and normal butane) for headspace extracted sediment gas to charge 
gas display significant differences (Figure 5.5 a and b). The dry gas charge 
samples generally contain higher normalized percent wet components (C2-C4) 
relative to the charge gas with a few exceptions.  All of the high wet gas 
charge samples also contain significantly higher normalized percent wet 
components (C2-C4) relative to the charge gas but the low wet gas charge 
samples contain lower normalized percent wet components (C2-C4) relative to 
the charge gas. 
No Geolab Nor headspace methane or ethane stable carbon isotopic 
measurements (IRGCMS) were undertaken due to funding limitations. 
 
 181
Table 5.2 Geochemical results from Geol Nor headspace gas analysis on gas 
charged sediments; M = mud only, SM = sandy mud, 10% fine sand added, 
Dry = charge gas 96 weight % C1, Wet = charge gas 72 weight % C1, and blank 
= no gas. 
 
Sample Bucket Sediment Gas Volume Total Methane Ethane Ethene Propane Propene Butane
Number Number Type Type (ml) ng/g sed WT % WT % WT % WT % WT % WT %
GLN01 B1 M wet 3.9 1321.8 72.8 15.7 0.4 7.5 0.5 3.0
GLN02 B1 M dry 3.9 40.4 95.7 3.3 0.0 0.9 0.0 0.0
GLN03 B5 M wet 3.9 72.8 73.2 16.5 1.1 5.9 1.4 1.9
GLN04 B5 M dry 3.9 333.0 94.8 3.4 0.1 1.1 0.1 0.5
GLN05 B6 M wet 3.9 1432.2 75.6 14.3 0.3 6.7 0.4 2.6
GLN06 B6 M dry 3.9 610.5 96.2 2.6 0.1 0.8 0.1 0.3
GLN07 B7 SM wet 3.9 38.6 75.9 15.5 2.0 4.3 2.3 0.0
GLN08 B4 SM dry 3.9 14.8 100.0 0.0 0.0 0.0 0.0 0.0
GLN09 B2 SM wet 3.9 166.4 74.4 16.2 0.8 6.0 0.7 1.9
GLN10 B2 SM dry 3.9 31.7 94.5 3.6 0.4 0.9 0.0 0.7
GLN11 B7 SM wet 3.9 15.9 74.4 15.1 1.1 5.5 1.7 2.1
GLN12 B7 SM dry 3.9 135.7 97.2 2.1 0.1 0.4 0.0 0.1
GLN13 B1 M wet 18.0 11153.0 73.6 15.3 0.5 7.1 0.7 2.8
GLN14 B1 M dry 18.0 53.0 93.3 3.5 0.3 1.5 0.7 0.6
GLN15 B5 M wet 18.0 450.0 58.7 21.5 0.8 12.2 1.3 5.5
GLN16 B5 M dry 18.0 3490.8 96.1 2.6 0.1 0.8 0.1 0.3
GLN17 B6 M wet 18.0 264.6 54.1 22.6 0.8 16.0 1.3 5.2
GLN18 B6 M dry 18.0 49.4 94.4 3.4 0.4 1.0 0.3 0.6
GLN19 B7 SM wet 18.0 2320.3 65.0 19.4 0.7 10.0 0.9 3.9
GLN20 B7 SM dry 18.0 30.4 96.3 2.9 0.0 0.8 0.0 0.0
GLN21 B2 SM wet 18.0 4198.5 70.2 17.6 0.6 8.0 0.8 2.8
GLN22 B2 SM dry 18.0 2180.8 95.1 3.2 0.1 1.1 0.1 0.4
GLN23 B4 SM wet 18.0 5999.9 72.0 16.3 0.5 7.5 0.7 3.0
GLN24 B4 SM dry 18.0 3722.2 95.4 3.3 0.1 0.9 0.1 0.2
GLN25 B4 SM NG 0 6.8 96.2 3.8 0.0 0.0 0.0 0.0
GLN26 B2 SM NG 0 25.4 33.4 23.3 1.1 18.6 2.6 21.0
GLN27 B7 SM NG 0 5.2 91.3 5.3 3.5 0.0 0.0 0.0
GLN28 B1 M NG 0 45.1 84.6 6.9 0.0 4.1 0.0 4.4
GLN29 B5 M NG 0 11.4 60.5 14.5 0.0 11.0 0.0 14.0
GLN30 B6 M NG 0 4.0 49.3 12.2 2.7 17.2 5.0 13.6  
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Figure 5.4 Weight percent methane versus total headspace gas concentration 
from Geolab Nor headspace gas analysis: (a) dry gas and (b) wet gas. 
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Figure 5.5 Weight percent of wet gas components (ethane, ethane, propane, 
propene, and n-butane) for Geolab Nor headspace gas analysis; (a) dry gas 
and (b) wet gas. 
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5.1.2 Ball Mill Gas Analysis 
The ball mill analysis was conducted by Geolab Nor. Total gas 
concentration for sediments with the low charge (3.8 ml) ranges from 177.8 to 
544.7 ng/g with an average value of 289.6 ng/g. Total gas concentration for 
sediments with the high charge (18.0 ml) ranges from 130.4 to 737.9 ng/g with 
an average value of 389.9 ng/g. Sediment blanks contain total gas 
concentrations ranging from 15.4 to 69.6 ng/g. The total gas and gas 
composition data is summarized in Table 5.3. 
The methane percent (C1/∑C1-C4 x 100) for the low dry gas charge ranges 
from 81.3 to 91.2% (weight) and high dry gas charge ranges from 82.6 to 92.0% 
(weight) (Figure 5.6a). These values display a systematic shift to more gas 
wetness when compared to the dry charge gas (95.8% methane by weight 
percent) (Figure 5.6a). The ball mill extracted gases all have greater 
normalized percent wet gases (ethane, propane, and butane) when compared 
to the dry charge gas (Figure 5.7a). The methane percent (C1/∑C1-C4 x 100) for 
the low wet gas charge ranges from 58.8 to 63.2% (weight) and high wet gas 
charge ranges from 50.4 to 62.7% (weight) (Figure 5.6b). These values display 
a systematic shift to more gas wetness when compared to the wet charge gas 
(72.0% methane by weight percent) (Figure 5.6b). The ball mill extracted gases 
all have greater normalized percent wet gas components (ethane, propane, 
and butane) when compared to the wet charge gas (Figure 5.7b). 
The methane carbon isotopic ratios vary significantly relative to the charge 
gas methane, whose δ13C1 is -44.4 per mil (Figure 5.8 and Table 5.4). The blank 
samples (no charge gas) contain δ13C1 values between -73.5 and -65.9 per mil.  
The low charge samples contain δ13C1 values between -53.3 and -60.8 per mil. 
The high charge samples contain δ13C1 values between -48.9 and -61.0 per mil.  
None of GLN measured methane carbon isotopes match the charge gas 
values. A systematic change in methane carbon isotopic ratio relative to total 
gas concentration indicates a possible mixing or fractionation trend (Figure 
5.8). 
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The ethane carbon isotopic ratio varies from δ13C2 -31.5 to -27.1 per mil 
relative to the charge gas which had an ethane carbon isotope δ13C2 -29.0 per 
mil. The propane carbon isotopic ratio varies from δ13C3 -27.8 to -25.0 per mil 
relative to the charge gas which had a propane carbon isotope δ13C3 -25.0 per 
mil.   
 
Table 5.3 Geochemical results from Geol Nor ball mill gas analysis on gas 
charged sediments; M = mud only, SM = sandy mud, 10% fine sand added, 
Dry (bold) = charge gas 96 weight % C1, Wet = charge gas 72 weight % C1, 
and blank = no gas. 
 
Sample Bucket Sediment Gas Volume Total Methane Ethane Ethene Propane Propene Butane
Number Number Type Type (ml) ng/g sed WT % WT % WT % WT % WT % WT %
GLN01 B1 M wet 3.8 277.3 62.5 19.6 2.0 8.9 2.5 4.5
GLN02 B1 M dry 3.8 214.6 91.2 4.3 1.2 1.5 1.1 0.7
GLN03 B5 M wet 3.8 220.3 58.8 18.4 3.1 10.0 3.4 6.3
GLN04 B5 M dry 3.8 326.2 90.2 4.5 1.1 1.8 1.2 1.1
GLN05 B6 M wet 3.8 377.5 60.4 18.9 2.1 9.8 2.7 6.1
GLN06 B6 M dry 3.8 332.4 90.9 4.2 1.3 1.5 1.3 0.8
GLN07 B7 SM wet 3.8 405.7 63.2 18.9 2.7 8.1 3.5 3.7
GLN08 B4 SM dry 3.8 179.6 81.3 5.9 4.2 2.7 4.5 1.4
GLN09 B2 SM wet 3.8 199.3 59.6 17.7 6.4 7.0 7.1 2.3
GLN10 B2 SM dry 3.8 544.7 86.9 4.6 2.5 2.1 2.9 1.0
GLN11 B7 SM wet 3.8 177.8 59.2 16.4 4.3 9.6 5.0 5.4
GLN12 B7 SM dry 3.8 219.7 86.1 4.4 3.3 1.8 3.7 0.8
GLN13 B1 M wet 18.0 696.0 61.8 20.2 2.0 8.7 2.9 4.4
GLN14 B1 M dry 18.0 130.4 88.0 4.9 2.1 1.8 2.1 1.1
GLN15 B5 M wet 18.0 589.3 57.4 19.6 2.3 10.5 3.1 7.1
GLN16 B5 M dry 18.0 444.0 90.8 4.4 1.0 1.7 1.1 1.0
GLN17 B6 M wet 18.0 288.9 50.4 20.4 2.9 13.0 4.2 9.0
GLN18 B6 M dry 18.0 737.9 92.0 4.1 0.9 1.4 1.0 0.6
GLN19 B7 SM wet 18.0 594.7 56.6 20.5 2.0 10.9 3.2 6.7
GLN20 B7 SM dry 18.0 124.8 82.6 5.4 3.6 2.7 3.8 1.8
GLN21 B2 SM wet 18.0 451.7 62.7 19.0 2.9 7.9 3.6 3.8
GLN22 B2 SM dry 18.0 569.5 84.5 6.1 2.4 2.8 2.8 1.5
GLN23 B4 SM wet 18.0 329.4 50.4 19.6 6.6 10.0 8.2 5.3
GLN24 B4 SM dry 18.0 418.5 89.8 4.4 1.8 1.4 1.8 0.8
GLN25 B4 SM NG 0 69.6 38.4 13.4 17.0 8.6 18.3 4.2
GLN26 B2 SM NG 0 27.1 5.7 21.1 24.5 13.2 27.9 7.6
GLN27 B7 SM NG 0 37.8 38.4 12.3 17.8 8.1 19.4 3.9
GLN28 B1 M NG 0 15.4 54.8 9.6 13.7 5.0 13.1 3.8
GLN29 B5 M NG 0 27.6 40.0 12.8 16.2 8.5 18.1 4.4
GLN30 B6 M NG 0 36.3 35.2 14.3 18.2 9.5 18.5 4.3  
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Table 5.4 Geolab Nor ball-mill gas stable carbon isotopic analysis results from 
gas charged sediments; M = mud only, SM = sandy mud, 10% fine sand 
added, Dry = charge gas 96 weight % C1, Wet = charge gas 72 weight % C1, 
and blank = no gas. 
 
Sample Sediment Gas Volume Total gas Methane Ethane Propane n-Butane
number Type Type ml ng/g sed -44 -29 -25 NA
GLN01 M wet 3.9 277.343 -58.9 -30.7 -26.9 -35.6
GLN02 M dry 3.9 214.558 -56.2 -27.3 - -
GLN03 M wet 3.9 220.307 -57.7 -30.0 -25.3 -34.7
GLN04 M dry 3.9 326.182 -52.3 -31.5 - -
GLN05 M wet 3.9 377.532 -54.5 -29.2 -26.1 -34.4
GLN06 M dry 3.9 332.368 -53.3 -30.1 - -
GLN07 SM wet 3.9 405.652 -55.6 -29.7 -25.5 -34.1
GLN08 SM dry 3.9 179.585 -58.5 -31.3 - -
GLN09 SM wet 3.9 199.31 -57.3 -28.8 - -
GLN10 SM dry 3.9 544.702 -47.9 -27.1 - -
GLN11 SM wet 3.9 177.832 -60.9 -30.0 -27.8 -
GLN12 SM dry 3.9 219.662 -56.9 - - -
GLN13 M wet 18 696.023 -52.4 -29.8 -26.6 -34.4
GLN14 M dry 18 130.35 -61.0 - - -
GLN15 M wet 18 589.281 -51.4 -29.7 -26.3 -33.9
GLN16* M dry 18 443.958 - - - -
GLN17 M wet 18 288.887 -57.6 -28.2 -25.6 -33.5
GLN18 M dry 18 737.934 -50.2 -31.1 -
GLN19 SM wet 18 594.667 -52.8 -29.7 -25.9 -33.5
GLN20 SM dry 18 124.761 -60.7 - - -
GLN21 SM wet 18 451.726 -51.0 -28.5 -25.5 -33.1
GLN22 SM dry 18 569.497 -48.9 -28.0 -26.9 -
GLN23 SM wet 18 329.417 -59.2 -27.1 -25.1 -
GLN24 SM dry 18 418.542 -53.0 - - -
GLN25 SM NG 0 69.606 -65.9 - - -
GLN26 SM NG 0 27.077 -68.4 - - -
GLN27 SM NG 0 37.833 -71.2 - - -
GLN28 M NG 0 15.391 -73.5 - - -
GLN29 M NG 0 27.633 -71.7 - - -
GLN30 M NG 0 36.284 -70.6 - - -  
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Figure 5.6 Percent methane versus total ball mill gas concentration from 
Geolab Nor ball mill gas analysis: (a) dry gas and (b) wet gas. 
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Figure 5.7 Weight percent of wet gas components (ethane, ethane, propane, 
propene, and n-butane) for Geolab Nor ball mill gas analysis; (a) dry gas and 
(b) wet gas. 
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Figure 5.8 Stable carbon isotopes data for methane from Geolab Nor ball mill 
extracted sediment gases versus total ball mill gas concentrations. 
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5.1.3 Sorbed-adsorbed Gas Analysis 
The gas charged samples were sent to two commercial laboratories; Geolab 
Nor in Trondheim, Norway and University of Victoria (Professor Whiticar’s 
laboratory) in Victoria, B.C. Canada for sorbed-adsorbed gas analysis.  
Geolab Nor  
Total adsorbed gas concentration for sediments with the low charge (3.9 
ml) ranges from 20.3 to 239.4 ng/g with an average value of 95.7 ng/g. Total 
gas concentration for sediments with the high charge (18.0 ml) ranges from 
26.3 to 207.1 ng/g with an average value of 120.4 ng/g. Sediment blanks 
contain total gas concentrations ranging from 17.8 to 91.0 ng/g. The total gas 
and gas composition data is summarized in Table 5.5. 
The methane percent (C1/∑C1-C4 x 100) for the low dry gas charge ranges 
from 68.9 to 82.2% (weight) and the high dry gas charge ranges from 72.6 to 
80.1% (weight) (Figure 5.9a). These values display a systematic shift to 
increased gas wetness when compared to the dry charge gas (95.8% methane 
by weight percent) (Figure 5.9a).  The adsorbed extracted gases have greater 
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normalized percent wet component (ethane, propane, and butane) when 
compared to the charge gas (Figure 5.10a).  
The methane percent (C1/∑C1-C4 x 100) for the low wet gas charge ranges 
from 39.6 to 56.8% (weight) and high wet gas charge ranges from 37.0 to 
53.5% (weight) (Figure 5.9b). These values display a systematic shift to more 
gas wetness when compared to the wet charge gas (72.0% methane by weight 
percent) (Figure 5.9b). The adsorbed extracted gases have greater normalized 
percent wet component (ethane, propane, and butane) when compared to the 
charge gas (Figure 5.10b). 
 
Table 5.5 Geochemical results from Geol Nor ball mill gas analysis on gas 
charged sediments; M = mud only, SM = sandy mud, 10% fine sand added, 
Dry = charge gas 96 weight % C1, Wet = charge gas 72 weight % C1, and blank 
= no gas. 
 
Sample Bucket Sediment Gas Volume Total Methane Ethane Ethene Propane Propene Butane
Number Number Type Type (ml) ng/g sed WT % WT % WT % WT % WT % WT %
GLN01 B1 M wet 3.9 43.5 49.8 24.5 2.3 12.4 4.7 6.4
GLN02 B1 M dry 3.9 62.5 71.7 15.7 1.3 7.0 1.4 2.8
GLN03 B5 M wet 3.9 52.1 47.9 23.8 3.2 12.1 5.8 7.1
GLN04 B5 M dry 3.9 43.7 82.2 8.6 1.9 3.5 2.1 1.8
GLN05 B6 M wet 3.9 153.0 51.3 23.1 1.8 12.4 3.8 7.5
GLN06 B6 M dry 3.9 116.4 68.9 16.7 1.3 8.0 1.7 3.5
GLN07 B7 SM wet 3.9 148.3 47.7 23.7 2.7 12.5 6.1 7.3
GLN08 B4 SM dry 3.9 108.9 73.8 12.6 2.2 5.9 2.6 2.9
GLN09 B2 SM wet 3.9 239.4 39.6 24.8 2.8 14.6 8.0 10.2
GLN10 B2 SM dry 3.9 20.3 76.7 11.2 2.8 4.9 2.2 2.2
GLN11 B7 SM wet 3.9 57.6 56.8 18.4 2.8 11.1 4.0 6.8
GLN12 B7 SM dry 3.9 103.1 76.4 10.9 2.5 5.3 2.2 2.7
GLN13 B1 M wet 18 67.8 44.8 24.9 2.6 12.4 6.9 8.2
GLN14 B1 M dry 18 128.8 72.6 14.2 1.1 6.9 1.7 3.4
GLN15 B5 M wet 18 26.3 53.5 21.7 2.6 10.5 5.4 6.4
GLN16 B5 M dry 18 136.4 77.8 10.5 2.0 4.5 2.8 2.4
GLN17 B6 M wet 18 67.0 50.6 23.4 1.9 12.7 4.4 6.8
GLN18 B6 M dry 18 200.5 78.5 12.1 0.0 5.6 1.1 2.6
GLN19 B7 SM wet 18 103.4 37.0 23.8 3.0 15.0 8.9 12.3
GLN20 B7 SM dry 18 117.3 75.7 10.7 1.9 5.6 2.4 3.8
GLN21 B2 SM wet 18 207.1 43.4 24.2 2.8 13.4 7.6 8.7
GLN22 B2 SM dry 18 41.3 76.7 11.3 1.5 5.1 2.3 3.1
GLN23 B4 SM wet 18 160.2 43.3 24.3 2.8 13.5 7.4 8.8
GLN24 B4 SM dry 18 188.9 80.1 9.9 1.3 4.3 2.2 2.2
GLN25 B4 SM blank 0 45.3 66.8 14.1 4.5 7.3 3.5 3.7
GLN26 B2 SM blank 0 24.5 58.0 14.6 4.0 10.3 5.5 7.6
GLN27 B7 SM blank 0 21.6 67.0 14.2 4.5 7.7 3.0 3.7
GLN28 B1 M blank 0 91.0 62.9 20.6 1.9 9.7 1.7 3.3
GLN29 B5 M blank 0 17.8 61.0 13.0 7.5 7.7 6.2 4.6
GLN30 B6 M blank 0 49.6 62.1 20.7 1.5 10.2 1.4 4.1  
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Figure 5.9 Percent methane versus total adsorbed gas concentration from 
Geolab-Nor adsorbed gas analysis: (a) dry gas and (b) wet gas. 
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Figure 5.10 Weight percent of wet gas components (ethane, ethane, propane, 
propene, and n-butane) for Geolab Nor adsorbed gas analysis; (a) dry gas and 
(b) wet gas. 
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University of Victoria 
Total sorbed gas concentration for sediments with the low charge (2.0 ml) 
ranges from 7.2 to 55.7 ppm with an average value of 33.3 ppm. Total gas 
concentration for sediments with the high charge (10.0 ml) ranges from 1.3 to 
164.7 ppm with an average value of 68.9 ppm. Sediment blanks contain total 
gas concentrations ranging from 0.0 to 12.9 ppm. The total gas and gas 
composition data is summarized in Table 5.6a. 
The sorbed methane percent (C1/∑C1-C4 x 100) for the low dry gas charge 
ranges from 91.0 to 97.4% (mole percent) and high dry gas charge ranges from 
95.5 to 97.8% (mole percent) (Figure 5.11a).  The sorbed extracted gases have 
similar percent methane when compared to the dry charge gas. The sorbed 
methane percent (C1/∑C1-C4 x 100) for the low wet gas charge ranges from 
82.9 to 87.8% (mole percent) and high wet gas charge ranges from 74.5 to 
89.4% (mole percent) (Figure 5.11b). The sorbed extracted gases have similar 
percent methane when compared to the wet charge gas.  Note the increase in 
variability with the lower concentration samples (increase in gas wetness or 
decrease in methane) which is most likely related to elevated noise associated 
with small concentration differential volatile loss and not measurement 
sensitivity. 
Individual wet gas components (ethane, propane, and normal butane) for 
sorbed extracted sediment gas varied greatly relative to the charge gases.  
Ethene and propene are not evaluated by the University of Victoria. The 
sorbed extracted samples charged with dry gas contain variable ethane 
percent compositions; and greater propane and n-butane relative to the dry 
charge gas. (Figure 5.12a). The sorbed extracted samples charged with the wet 
gas contain less ethane; and greater propane and n-butane relative to the wet 
charge gas (Figure 5.12b).  
The University of Victoria provided stable carbon isotopic ratio 
measurements on methane for samples with sufficient concentrations. The 
methane carbon isotopic ratios are 1 to 5 per mil heavier than the charge gas 
methane, δ13C1 -44.4 per mil (Table 5.6b) (Figure 5.13).  
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Table 5.6a Geochemical results from University of Victoria microdesorption 
(sorbed) gas analysis on gas charged sediments: gas compositions; M = mud 
only, SM = sandy mud, 10% fine sand added, Dry = charge gas 98% mole 
percent C1, Wet = charge gas 85% mole percent C1, and blank = no gas. 
 
Sample Bucket Sediment Gas Volume Total gas methane ethane propane butane
Number Number Type Type (ml) ppm % % % %
UVIC2 1 M Wet 2 7.2 87.8 2.8 8.4 1.0
UVIC4 1 M Dry 2 31.2 93.7 1.4 2.0 2.9
UVIC 7 2 SM Wet 2 17.7 77.2 5.2 15.4 2.2
UVIC 7 2 SM Wet 2 14.9 83.1 3.3 12.0 1.7
UVIC9 2 SM Dry 2 55.7 96.3 1.3 2.1 0.2
UVIC9 2 SM Dry 2 41.8 97.3 0.6 1.9 0.3
UVIC 12 4 SM Wet 2 22.5 84.4 3.8 10.1 1.7
UVIC14 4 SM Dry 2 31.2 92.1 3.6 4.3 0.0
UVIC17 5 M Wet 2 39.3 84.0 3.6 11.2 1.2
UVIC19 5 M Dry 2 118.1 97.4 1.0 1.2 0.4
UVIC22 6 M Wet 2 41.1 88.6 2.6 7.8 1.0
UVIC22 6 M Wet 2 26.1 92.0 2.3 5.1 0.7
UVIC24 6 M Dry 2 20.7 93.1 2.4 3.9 0.6
UVIC27 7 SM Wet 2 16.9 82.9 3.6 11.8 1.7
UVIC29 7 SM Dry 2 15.9 91.0 2.3 5.1 1.7
UVIC1 1 M Wet 10 57.2 89.4 2.8 7.1 0.7
UVIC3 1 M Dry 10 79.5 97.4 0.9 1.6 0.2
UVIC6 2 SM Wet 10 148.8 82.8 3.5 11.1 2.6
UVIC8 2 SM Dry 10 60.5 95.5 1.0 3.4 0.2
UVIC8 2 SM Dry 10 60.2 96.3 0.8 2.7 0.2
UVIC11 4 SM Wet 10 59.3 80.1 4.2 13.8 2.0
UVIC11 4 SM Wet 10 164.7 86.1 2.8 9.5 1.6
UVIC13 4 SM Dry 10 31.1 95.9 0.7 3.0 0.3
UVIC16 5 M Wet 10 64.1 74.5 5.0 17.4 3.0
UVIC16 5 M Wet 10 142.9 80.7 4.0 13.1 2.2
UVIC18 5 M Dry 10 19.2 95.5 1.1 3.4 0.0
UVIC21 6 M Wet 10 19.5 83.2 3.9 10.5 2.4
UVIC21 6 M Wet 10 45.8 79.7 4.0 13.6 2.6
UVIC23 6 M Dry 10 8.2 97.8 2.2 0.0 0.0
UVIC26 7 SM Wet 10 74.2 82.8 3.7 11.4 2.1
UVIC26 7 SM Wet 10 136.0 86.5 3.2 9.2 1.2
UVIC28 7 SM Dry 10 1.3 0.0 78.1 21.9 0.0
UVIC5 1 M NG Blank 0.0 0.0 0.0 0.0 0.0
UVIC10 2 SM NG Blank 11.1 92.5 1.9 4.8 0.9
UVIC15 4 SM NG Blank 12.8 91.2 2.0 5.2 1.6
UVIC20 5 M NG Blank 12.9 96.2 0.0 3.8 0.0
UVIC25 6 M NG Blank 0.3 0.0 100.0 0.0 0.0
UVIC30 7 SM NG Blank 3.5 100.0 0.0 0.0 0.0  
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Table 5.6b Geochemical results from University of Victoria microdesorption 
(sorbed) gas analysis on gas charged sediments: compound specific isotopic 
analysis; M = mud only, SM = sandy mud, 10% fine sand added, Dry = charge 
gas 98 mole percent C1, Wet = charge gas 85 mole percent C1, and blank = no 
gas. 
 
Sample Bucket Sediment Gas Volume Total gas d13C (permil vs VPDB)
Number Number Type Type (ml) ppm C1 C2 C3 C4
UVIC19 5 M Dry 2 118.1 -44.7 -29.0 -30.8 -28.9
UVIC1 1 M Wet 10 57.2 -40.8 -25.5
UVIC3 1 M Dry 10 79.5 -40.3 -27.6
UVIC6 2 SM Wet 10 148.8 -42.6 -28.1 -30.4 -34.4
UVIC8 2 SM Dry 10 60.5 -42.1 -28.9
UVIC8 2 SM Dry 10 60.2 -44.4
UVIC11 4 SM Wet 10 59.3 -40.1 -28.3
UVIC11 4 SM Wet 10 164.7 -39.3 -27.1
UVIC16 5 M Wet 10 64.1 -40.9 -28.1
UVIC16 5 M Wet 10 142.9 -42.6 -28.4
UVIC26 7 SM Wet 10 74.2 -41.7 -28.3 -30.7 -33.7
UVIC26 7 SM Wet 10 136.0 -41.4 -28.6 -30.6 -33.3
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Figure 5.11 Percent methane versus total sorbed gas concentration from University of 
Victoria microdesorption (sorbed) gas analysis: (a) dry gas and (b) wet gas. 
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Figure 5.12 Mole percent of wet gas components (ethane, ethane, propane, 
propene, and n-butane) for University of Victoria microdesorption (sorbed) 
gas analysis; (a) dry gas and (b) wet gas. 
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Figure 5.13 Stable carbon isotopes data for methane from University of 
Victoria microdesorption (sorbed) extracted sediment gases versus total 
sorbed gas concentrations. 
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5.14 Disrupter Interstitial Gas Analysis 
Total disrupter interstitial gas concentration for sediments with the low 
charge (2.0 ml) ranges from 10,132 to 14,428 ppm. Total gas concentration for 
sediments with the high charge (10.0 ml) ranges from 47,651 to 65,442 ppm. 
Sediment blanks contain total gas concentrations less than 29 ppm. The total 
gas and gas composition data is summarized in Table 5.7. 
The methane percent (C1/∑C1-C4 x 100) for the low and high dry gas 
charge ranges from 95.8 to 95.9% (weight percent). These values are also very 
close to the charge gas which contains 95.8% methane by weight percent 
(Figure 5.14a). The methane percent (C1/∑C1-C4 x 100) for low and high wet 
gas charge range from 70.4 to 72.4% (weight percent). These values compare 
well to the charge gas which contains 72.1% methane by weight percent 
(Figure 5.14b). 
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Comparison of individual wet gas components (ethane, ethene, propane, 
propene, and normal butane) from disrupter extracted sediment gas to dry 
and wet charge gas indicate little to no fractionation (Figure 5.15 a and b). 
No stable carbon isotopic ratio measurements were made on the disrupter 
extracted gas due to limited funding.  
 
Table 5.7 Geochemical results from disrupter gas analysis on gas charged 
sediments; M = mud only, SM = sandy mud, 10% fine sand added, Dry = 
charge gas 96 weight % C1, Wet = charge gas 72 weight % C1, and blank = no 
gas. 
 
Sediment Gas Volume Concentration Total Area Methane Ethane Ethylene Propane Propylene Butane
Type Type ml ppm Area wt % wt % wt % wt % wt % wt %
Mud Wet 2 10132 757.4 71.8 16.1 0.8 7.2 1.1 3.1
Mud Wet 2 10472 778.6 72.6 15.8 0.7 7.0 1.0 3.0
Mud Wet 2 13158 979.4 72.4 15.8 0.7 7.1 1.0 3.0
SM Wet 2 11622 865.8 72.3 15.8 0.7 7.1 1.0 3.0
SM Wet 2 12481 949.5 72.3 15.8 0.7 7.1 1.0 3.1
SM Wet 2 11536 898.5 72.4 15.8 0.7 7.1 1.0 3.0
Mud Dry 2 14428 931.6 95.8 2.8 0.1 0.8 0.1 0.4
Mud Dry 2 13108 845.9 95.9 2.7 0.1 0.8 0.1 0.4
Mud Dry 2 13273 856.7 95.9 2.8 0.1 0.8 0.1 0.4
SM Dry 2 12580 812.1 95.8 2.8 0.1 0.8 0.1 0.4
SM Dry 2 11874 766.6 95.8 2.8 0.1 0.8 0.1 0.4
SM Dry 2 12560 854.9 95.8 2.8 0.1 0.8 0.1 0.4
Mud Wet 10 52951 3997.5 70.4 16.6 0.7 7.7 1.1 3.4
Mud Wet 10 65442 4877.1 72.3 15.8 0.7 7.1 1.0 3.1
Mud Wet 10 64897 4840.0 72.2 15.9 0.7 7.1 1.0 3.1
SM Wet 10 59211 4418.1 72.1 15.9 0.7 7.2 1.0 3.1
SM Wet 10 54818 4280.0 72.1 15.9 0.7 7.2 1.0 3.1
SM Wet 10 52312 3900.3 72.2 15.8 0.7 7.1 1.0 3.1
Mud Dry 10 57633 3719.1 95.9 2.7 0.1 0.8 0.1 0.4
Mud Dry 10 47651 3075.6 95.9 2.8 0.1 0.8 0.1 0.4
Mud Dry 10 56736 3661.8 95.9 2.8 0.1 0.8 0.1 0.4
SM Dry 10 59163 4308.0 95.9 2.7 0.1 0.8 0.1 0.4
SM Dry 10 56280 3632.1 95.9 2.7 0.1 0.8 0.1 0.4
SM Dry 10 55643 3670.0 95.9 2.7 0.1 0.8 0.1 0.4
Mud Blank 0 29 1.8 61.5 12.4 9.3 7.4 6.1 3.3
SM Blank 0 23 1.5 56.7 15.0 8.0 7.9 6.2 6.1  
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Figure 5.14 Percent methane versus total sorbed gas concentration from 
disrupter gas analysis: (a) dry gas and (b) wet gas. 
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Figure 5.15 Weight percent of wet gas components (ethane, ethane, propane, 
propene, and n-butane) for disrupter gas analysis; (a) dry gas and (b) wet gas. 
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5.2 Variation in sediment gas with different sediment conditions 
Published studies by Horvitz (1981) and Abrams (1989, 1996a, and 2005) 
demonstrate variation in interstitial and bound sediment gas composition 
relative to sediment type. Published studies have also shown organic matter 
sorption and its potential effect on gas compositions (Crosdale et al., 1998). 
Based on these published observations, the effect of different clay types and 
sediment organic carbon content on concentration and composition of 
interstitial gases was examined using laboratory charged sediments.     
The same charge procedures described in Chapter 4.1 were used to 
examine variability of sediment type.  The disrupter was filled with 200 mL of 
processed marine sediment, 160 mL saturated salt solution, flushed with 
nitrogen and closed. The disrupters were charged via syringe injection 
through a silicone septum on the top of the lid with 10 mL gas/can (50,000 
ppm) of standard wet gas: 85% methane by mole percent (Table 5.8).  Two 
different processed muds, Angola and Gulf of Mexico (GOM) with “normal” 
and elevated total organic carbon (TOC) (Table 5.9) were used to compare 
their sorption capacity and behavior.  The disrupter was shaken until 
equilibrium was reached between the gas composition in the headspace and 
gas trapped in the slurry was established.  After analyzing initial headspace, 
the disrupter septum caps were opened and headspace flushed with nitrogen 
purge for 30 second.  The disrupter’s septum caps were replaced, can re-
shaken, and the new headspace equilibrium was analyzed.  This process was 
repeated several times until the gas abundance was near the detection limit 
(Figure 5.16).  This methodology is similar to what Bernard undertook in his 
doctoral dissertation to examine re-equilibration issues between the 
headspace (vapor) and interstitial water (solute) (Bernard, 1978). 
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Table 5.8 Gas compositions for the wet gas provided by Sherry Laboratories. 
 
Gas 
Component 
Wet gas 
(mol%) 
Wet gas 
(wt%) 
Methane 85.0 72.131 
Ethane 10.0 15.894 
Ethylene  0.5 0.745 
Propane  3.0 7.029 
Propylene  0.5 1.111 
N-butane  1.0 3.090 
 
Table 5.9 TOC value and clay characteristics for charge sediments used in the 
purge and shake experiments. 
  
Mud No. Source TOC (weight%) Clay Composition 
11 Angola 2.08 Ka> I  >I/S> Cl 
11 Angola + activated carbon 2.65 Ka> I  >I/S> Cl 
15 Gulf of Mexico 0.94 I/S >= I > Cl>Ka 
15 Gulf of Mexico + activated carbon 1.57 I/S >= I > Cl>Ka 
 
 
Three replicates of each of the following samples were used for the purge 
and shake experimental studies: 
• Processed Angola mud 
• Processed Angola mud with 1 gram of activated carbon 
• Processed Gulf of Mexico mud 
• Processed Gulf of Mexico mud with 1 gram activated carbon 
After each cycle, the gas yield (total gas concentration) decreases by one 
order of magnitude and after the fourth cycle, the total amount of the gas 
drops down by three orders of magnitude and further flushing by nitrogen 
makes residual disrupter headspace composition close to the detection limit 
(Figure 5.17). Thus compositions after the 3rd purge and shake were not used. 
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Figure 5.16 The basic principal of purge and shake experiments: Sample 0: 
represents initial headspace above the mud slurry; Sample 1: new headspace 
above mud slurry after N2 flushing and re-shaking.  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5.17 Total amount of gas in disrupter headspace above brine-deep 
marine mud slurry after repeated cycles of shaking and purging with 
nitrogen.  
 
0 1 2 3 4 5
10
100
1000
10000
100000
To
ta
l g
as
 (p
pm
)
Angola mud 
          Series of purges
Gulf of Mexico mud 
Gulf of Mexico mud 
+ activated coal
Angola mud 
+ activated coal
Detection limit
Noise signal
to high
 
Sample 0
Sample 1
Purge & 
Shake 
 205
The equilibrated disrupter headspace gas composition above the mud 
slurry from the Gulf of Mexico (GOM) and Angola muds (Figure 5.18) contain 
relatively similar C1-C4 hydrocarbon gas compositions after two purge and 
shakes. The Gulf of Mexico mud consists of predominantly illite-smectite type 
of clay minerals and Angolan mud kaolinite (Table 5.9). Illite-smectite has the 
higher sorption capacity relative to kaolinite and should retain more charge 
gas. This was not the case with our purge and shake experiments using the 
two different muds and same charge gas (Figures 5.17 and 5.18).  Other 
factors may be the 1st order control in our experiments (see next section 
discussing total organic carbon). 
Next the purge and shake data from each mud (Gulf of Mexico and 
Angola) were compared with the addition of activated carbon. The original 
Gulf of Mexico mud has less then half the total organic carbon (TOC) when 
compared to the original Angola mud (Table 5.9); GOM TOC = 0.94% and 
Angola TOC = 2.08%. 
 
Figure 5.18 Disrupter headspace composition changes after repeated purge 
and shake for Gulf of Mexico and Angola processed muds.  
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Figure 5.19 Comparison of compositional changes after repeated purge and 
shake of mud – headspace system in Gulf of Mexico mud before and after 
addition of one gram activated carbon to the system.  
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Figure 5.20 Comparison of compositional changes after repeated purge and 
shakes of the mud – headspace system in Angola mud before and after 
addition of one gram activated carbon to the system.  
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Comparison of each mud type; Gulf of Mexcio organically lean illite-
smectite rich clay versus the Angola organically and kaolinite rich, displays 
subtle compositional variations.  The general trend of the compositional 
changes after repeated shaking and purges of the mud slurry by nitrogen 
results in a relative decrease in methane content and increase in the rest of C1 
to C4 hydrocarbons (Figure 5.19 and 5.20). The methane is less absorbed by 
the mud and more easily desorbed than the heavier C2+ hydrocarbons and 
therefore partitions preferentially to the first headspace. 
The above described preferential sorption of the wet gas by the mud and 
compositional shift to increased amount of C2+ in the headspace after purge 
and shaking is further enhanced by adding of activated carbon to the 
sediment (Figure 5.20 right side). The only exception in this observation is 
represented by a lower increase in the case of Gulf of Mexico mud and 
decrease in the amount of n-butane in the second cycle in the case of Angola 
mud. This suggests that the preferential sorption of butane by the activated 
carbon is higher than that of both saturated and unsaturated C2 and C3 
hydrocarbons.   
The purge and shake experiments did display variation in interstitial 
disrupter headspace sediment gas concentration composition by clay type 
and total organic carbon. It is however unclear how the purge and shake 
experimental process affected the overall results due to limited equilibration 
time and the lower overall concentration after each purge and shake. Despite 
the issues related to the purge and shake it does appear the sediment organic 
carbon may be a more important factor in adsorption than the clay type.    
5.3 Discussion sediment gas extraction results 
The sediment gas charge and extraction experiments confirm published 
results discussed in previous chapters (Chapter 1.3, 3.3, 3.4, and 3.5), different 
extraction methods provide different results. The key to these laboratory 
experiments is that we know what ground zero is (charge gas composition) 
and thus have a basis to gauge the effectiveness of the various sediment gas 
extractions methods.   
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Two headspace sediment gas extraction methods with different protocols 
were examined in this thesis research project; B&B Laboratories/TDI Brooks 
International and Geolab Nor (see Chapter 2.2 for details). The B&B 
Laboratories/TDI Brooks International headspace gas extraction method 
provide results very similar in gas composition and compound specific 
isotopic ratios both with the low and high concentration as well as wet and 
dry gas. Note the background or blank (no charge) samples display no 
elevated headspace gas concentrations. The lower concentration samples 
(10,000 ppm charge) did show a slight deviation from the charge gas 
composition. The compound specific isotopic ratios also display more scatter 
than the gas concentration especially with the lower concentration samples. 
The ethane values display a 1 to 2 per mil shift to the heavier values (more 
positive). The shift could be related to the B&B Laboratories/TDI Brooks 
International IRGCMS calibration but a charge gas was sent to B&B 
Laboratories/TDI Brooks International to test this hypothesis. The results 
provided were very similar to the charge gas and thus the shift is most likely 
related to gas extraction process not IR GCMS unit calibration.   
The Geolab Nor headspace gas extraction method provides results 
directionally similar to the two charge gases but with one notable exception. 
The total headspace gas concentrations varied greatly with little distinction 
between the low and high concentration samples. In addition, the wet gas 
charge samples display a systematic change in methane percent with total 
headspace gas concentration (Figure 5.21).  
The systematic change in gas composition (methane percent) with total 
headspace gas concentration is most likely related to sample container 
leakage. A small leak in the metal container via the lid connection could result 
in preferential methane leakage leaving the residual headspace sediment gas 
with an elevated wet gas or lower methane gas concentration. Similar 
observations have been made with in-house studies using similar paint can 
sample containers undertaken by IKU (Norway) in the 1980’s (Dr. Ger van 
Graas personal communication).  
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Figure 5.21 Variation in methane gas percent versus total headspace gas 
concentration from Geolab Nor headspace sediment extraction gases for the 
wet gas charged sediments. 
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No sample can leakage was found with the B&B Laboratories/TDI Brooks 
International headspace gas analysis using similar gas charge sediments in 
metal sample containers. There are several possible explanations for this: 
• slightly different sample cans (dimensions and volume), 
• addition of water to B&B Laboratories/TDI Brooks International and 
none to the Geolab Nor samples, or 
• different shipping routes, Geolab Nor by long distance air freight 
(Norway) versus B&B Laboratories/TDI Brooks International land 
freight (College Station, Texas). 
Insufficient information is available to determine the primary factor for 
leakage but caution should be used with sediment samples shipped by air 
freight using sample cans with pressed down lids. Leakage may results in 
sediment samples having reported gas concentrations with elevated wet gas 
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(lower methane percent) which could lead to a incorrect interpretation of 
sediment gas origin.   
The Geolab Nor ball mill gas extraction method provided results 
displaying much lower methane percent (higher gas wetness) relative to the 
charge gases. In addition, the samples with no gas charge (blank or 
background) contain elevated ball mill gases. Sediments with the dry gas 
charge contain approximately 5 to 8% lower methane percent (higher wet 
gases) and sediments with the wet gas charge 10 to 15% lower methane 
percent (higher wet gases). The increase in wet gas component relative to 
methane is similar to that reported by Bjoroy and Ferriday (2002).  The 
laboratory experiments reported here  indicate the reason for the higher wet 
gas component is related to the analysis method and not migrated 
thermogenic gas charge gas as reported by Bjoroy and Ferriday (2002). Other 
experiments conducted as part of my laboratory studies indicate the residual 
gas remaining after a several shake and purge results in residual gases with 
higher wet gas concentrations.     
Geolab Nor also evaluated methane carbon isotopic ratios for all the ball 
mill samples (high and low charge as well as no charge). The results display a 
systematic change in isotopic value with total gas concentration (see Figure 
5.8). The reason for this non linear trend is not clear. It appears to be a mixing 
trend between a more bacterial derived gas (end member around -74 per mil) 
with a thermogenic gas (end member around -50 per mil). Note the charge gas 
contains methane with a carbon isotopic ratio of -44 per mil.  There are no 
indications of bacterial gas from the other analyses and there should be no 
post charge bacterial gas generation since the sediments have been treated 
with sodium azide and then frozen. Discussions with several sediment gas 
experts have yet to provide a logical explanation for these results.   
Two adsorbed or sorbed sediment gas extraction methods with different 
protocols were examined in this research project; University of Victoria 
(microdesorption) and Geolab Nor (Horvitz type acid extraction) (see Chapter 
2.2 for details).  
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The Geolab Nor adsorbed gas extraction method provides gas 
compositions displaying much lower methane percent (higher gas wetness) 
relative to the charge gases. In addition, the samples with no gas charge 
(blank or background) contain elevated adsorbed extracted gases. The 
samples with a dry gas charge contain approximately 15 to 25% lower 
methane (higher wet gas) and samples with a wet gas charge contain 
approximately 20 to 30% lower methane (higher wet gas). The increase in wet 
gas concentrations is similar to that reported by Bjoroy and Ferriday (2002).  
These laboratory experiments undertaken in my studies indicate the lower 
methane percent or higher wet gas component is related to analysis procedure 
and not charge gas as reported by Bjoroy and Ferriday (2002). As is the case 
with the ball mill method, the pre-washing method (washing the sediments in 
a 63μ sieve to remove interstitial gases) will fractionate the sediment gas 
resulting in a residual sediment gas with significantly lower methane percent 
and elevated wet gas concentrations.  
The University of Victoria’s microdesorption gas extraction method 
provides results directionally similar to the charge gases for the methane 
percent but very different concentrations when you examined the individual 
wet gas components (ethane, propane, and butane). Note the University of 
Victoria did not quantify ethene or propene. The samples with no gas charge 
(blank or background) did contain slightly elevated sorbed extracted gases (17 
to 91 ng/g sediment). The methane carbon isotopic ratios reported by 
University of Victoria have a greater scatter than the headspace data and a 2 
to 3 per mil systematic shift to the less negative (heavier). This could be 
related to the IR GCMS calibration (not tested as per the B&B Laboratories) or 
fractionation during the gas sediment extraction process.  The University of 
Victoria’s microdesorption protocol does not involve pre-washing as do the 
other laboratories which undertake adsorbed gas analysis. The sediment is 
stirred with a closed vessel, evacuated removing the interstitial gases, and 
then processed for sorbed hydrocarbons.  Either the sorption or handshake 
process discussed in Chapter 1.1 (see Whiticar, 2002 for more details) occurs 
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relatively quickly (Whiticar does not think this is the case) or the stirring 
vacuum process does not completely remove the interstitial gases. If the 
University of Victoria’s microdesorption procedure does not remove the 
interstitial gases then it will measure a combination of interstitial and sorbed 
gases.      
Lastly the new disrupter sediment gas extraction method provides gas 
compositions very similar to the charge gases both with the low and high 
concentration as well as wet and dry gas charge. Note the background or 
blank samples (no gas charge) display no elevated (anomalous) gas. 
What conclusions can be made based on the published results, worldwide 
calibration dataset, and sediment gas charge experiments relative to best 
practices for extraction of migrated sediment gas?  The empirical observations 
from existing published surface geochemical datasets as well as the 
worldwide calibration dataset can be explained using the sediment gas charge 
experiments conducted in this research project: 
• headspace sediment gas extraction when handled properly and 
measured using partitioning calculations will provide gas 
compositions and isotopic ratios similar to the migrated or charge gas, 
• conventional tin cans with compression “paint can” lids may leak 
during long transits in non pressured aircraft cargo bays providing 
gas compositions significantly different than the migrated-charge 
gases, 
• ball mill and acid extracted adsorbed sediment gases provide gas 
compositions elevated in the wet gas components due  fractionation 
related to pre-processing sediment washing, 
• microdesorption sorbed gas removal (closed vessel) with no pre-
processing washing provides methane percent similar to the migrated 
gases but with a large variation in the wet gas component, 
• the new disrupter sediment gas removal system provides gas 
compositions very similar to the migrated or charge gas, and 
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• disrupter chambers may provide a better container to prevent leakage 
during transportation.  
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Chapter 6.0 
How near surface sediments are charged with migrating 
hydrocarbons: the evidence from gas flux chamber experiments 
 
The gas charge experiments previously discussed in Chapter 4 used an 
instantaneous charge of gas into the processed sediment via a gas tight 
syringe and silicone septum.  A more long term charge experiment was 
required to see if similar results would be achieved with a low pressure long 
term gas charge test and could the gas flux chamber results assist in better 
understanding the gas migration process. This chapter describes the gas 
charge experiment protocols as well as results. 
6.1 Gas flux chamber design 
The gas chamber was designed to simulate natural seepage through near-
surface unconsolidated marine sediments in a controlled laboratory setting 
with three key goals: 
1. Charge processed marine sediments with gas standards, collect 
sediment plug, subdivide into equal fractions (Figure 6.3), and send 
sub-samples to different laboratories for comparative gas extraction 
analysis.   
2. Compare results from short term syringe gas charge experiments with 
long term (8 to 10 weeks) low pressure gas charge experiments.   
3. Evaluate movement of interstitial (disrupter) and bound gases in a 
sediment column and examine potential migration mechanisms: 
diffusion, colloidal migration of micro-bubbles via micro-fractures, and 
effusion or bulk flow through major open fractures.   
The gas flux chamber is based on a concept by Michael Abrams (Figure 
6.1) and built by TerraTek (Salt Lake City, Utah) (Figure 6.2). The processed 
sediments were to be charged with known gases and a series of four (4) sub-
samples to be collected for replicate sample analysis (Figure 6.3): disrupter 
headspace (HS), sorbed (SB), blender (BL), and ball mill (BM). The principal 
assumption was that each sediment sub-sample would contain relatively 
similar concentration and compositions of charge gas (Figure 6.4). 
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Figure 6.1 Gas flux chamber design: Gas charge introduced base of 
sedimentary column via series of gas injection ports. The sedimentary column 
is overlain by water and a small headspace. The input and output pressure 
can be monitored via pressure valves. The chamber is 15 inches in height and 
5 inches in diameter.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6.2 Prototype gas flux chamber built by TerraTek.  
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Figure 6.3 Four (4) sub-samples to be collected from 300 ml internal plug; HS 
= disrupter headspace, SB = sorbed, BL = blender, and BM = ball mill. In 
addition, a water samples to be collected for dissolved gas analysis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The first attempt to gas charge the sediments using the gas flux chamber 
indicated the charge gas was moving very quickly vertically to the 
sedimentary column surface via the chamber sides and/or pressure induced 
fractures, not evenly through the sedimentary column as planned (Figure 6.5) 
based on the very rapid pressure increase in the gas flux chamber upper lid 
pressure gauge.   
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Figure 6.4 Predicted vertical gas migration in gas flux chamber. The charge 
gas will move vertically from the injection point at the column base (medium 
grain sand) to the surface via micro-fractions and diffusion with relatively 
equal distribution throughout sediment column. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
At this point it became apparent that the original concept for relatively 
equal dispersion of charge gas within the sedimentary column using the 
current design was not possible. It was decided to modify the experiments 
and flux chamber charge design and use the gas flux chamber for long term 
experiments of the gas distribution as well as best methods to extract 
sediment gases. 
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Figure 6.5 Gas charge experiment vertical migration process: The charge gas 
did not move vertically from the injection point to the surface via micro-
fractions and diffusion as planned but migrated very quickly up the chamber 
sides and via major pressure fractions created by the gas injection process. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The original design consisted of a cylinder with inlet tubes introducing the 
gas evenly into the sediment body overlain by water and inert gas. The lid 
was equipped with an upper sampling probe and a pressure release valve. 
The main experimental parameters included: 
• known volume and composition of sediment; 
• known volume, composition, and flux (rate) of charge gas; 
• flux chamber pressure gauge at gas inlet; and  
• flux chamber pressure gauge in upper chamber lid.  
Charge gas
Medium grain sand
Sand screen
Processed sediment
Gas migration    
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The gas flux chamber was tested prior to the long term gas charge 
experiments.  The chamber was filled with clean sand and deionized water 
(0.5 L) then connected to a gas charge tank. The pre-experiment prototype gas 
flux chamber test resulted in the identification of two major problems: 
• pressure cracks in the sediment opening preferential migration 
pathways within sediment column, and  
• gas migration preferentially along the wall and sediment interface.   
Based on these observations, several key modifications to the gas flux 
chamber were made (Figure 6.6): 
1. The graduated syringe (500 ml) with manual piston was removed as it 
produced an elevated rate of gas charge resulting in fracturing (large 
cracks in the sediment). 
2. The gas influx was made directly from the gas tank using a pressure 
reducing valve at much lower flux rate. 
3. Gas inlet tube positioned 1/3 of chamber height from base inside 
sediment column and equipped with micro-porous hydrophobic tip1 
(Figure 6.7).  
4. Gas-collecting probe was positioned 1/3 from top of gas flux chamber 
within sediment column with same type of tip as gas inlet1.  
5. The chamber walls coated with silicon grease (DC4) prior to 
introducing sediment to avoid preferential gas leakage along sediment-
wall interface. 
The modified gas flux chamber system was used to evaluate charge gas 
distribution, gas compositional changes within and above chamber 
sedimentary column, variation in sorbed (University of Victoria micro-
desorption method) and interstitial (disrupter headspace) gas compositions, 
and dissolved water gas composition.  
 
1 The gas inlet tube and gas-collecting probe were positioned 1/3 from 
bottom and top bottom the sedimentary column in order to inject and 
collect gases from within the sedimentary column.  
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The ball mill and blender gas extraction methods were dropped based on 
the sampling can charge experiments and studies by Petrobras, which both 
indicated these methods potentially fractionate the gases during analysis. The 
interstitial and sorbed sediment gas concentration and composition data was 
then used to better understand gas migration processes based on the sediment 
and water gas measurements.  
 
Figure 6.6 Modified gas flux chamber design where the gas is injected into the 
sedimentary column using a hydrophobic injection point and regulated 
pressure charge system, not a manual piston system as designed for the 
original gas flux chamber design. 
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Figure 6.7 Flux chamber lid with opening for probe and the micro-porous 
probes with hydrophobic tip. 
 
    
 
 
 
 
 
 
 
 
 
 
 
6.2 Gas flux chamber experiment protocols and results 
Three long term experiments (8 to 10 weeks) were undertaken. Prior to the 
first experiment, the chamber was assembled, filled with N2, pressured up to 
15.25 psi and left for half an hour. No leakage and pressure drop was 
detected.  
6.2.1 Chamber experiment number 1 
Initially the gas charge1 inlet pressure was set to 6 psi. The upper chamber 
pressure gauge slowly rose to 5.2 psi (after 3 hrs). No charge gas was found in 
the upper probe, only water.   
The gas pressure was increased to 11 psi. The upper chamber pressure 
gauge jumped to 10 psi (almost instantly).  There was still only water in the 
upper probe.  The gas pressure was increased to 16 psi with a simultaneous 
pressure jump in upper chamber pressure gauge to 15.1 psi.  
 
1 wet gas charge, 84.5 mole percent (72 weight percent). 
Sediment Gas Probe
Flux chamber lid
microporous
material
opening for 
probe
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The sediment started to dewater and gas pressure was kept at about 15 
psi. The upper chamber probe septum cap was removed and expelled water 
was collected in a graduated container for a period of three weeks. The total 
amount of water expelled during this time was 130 ml. At this time the probe 
was capped, the gas supply was shut off, and the chamber was left stand to 
equilibrate for another six weeks. 
After a total of nine weeks from beginning of the gas flux chamber 
experiment, the chamber headspace gas was analyzed and chamber opened. 
Indications of pressure fractures in the center of sediment column were found 
on the top of the sedimentary column. The pressure fractures are most likely a 
result of the varying changes in pressure. The chamber mud was analyzed by 
disrupter headspace method. Three mud samples were collected from 
different depths within the chamber: top, intermediate, and bottom level just 
above the gas introduction probe (see Figure 6.8).  
Results of sediment gas analysis experiment number 1 
The three disrupter extracted sediment gas samples (upper – sample 1, 
middle – sample 2, and lower- sample - 3) contain relatively consistent 
hydrocarbon gas composition, 79.4% to 82.0% methane (normalized percent 
using ppm), but display a marked decrease in total gas concentration from 
upper to lower 31,749 ppm to 17,584 ppm. The sediment gas contains less 
methane (more wet gas C2-C4) than the charge gas; methane percent 79.4 to 
82.0 % in sediment relative to charge gas methane percent 84.5% (ppm 
percent) (Figure 6.8 and Table 6.3). 
 The gas flux chamber headspace (free gas between sediment and upper 
chamber lid) contains much higher total gas volume (729,810 ppm) with a gas 
composition very similar to charge gas; chamber headspace methane content 
is 84.2% (normalized percent ppm) compared to charge gas methane content 
84.5% (normalized percent ppm).  
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Table 6.3 Sediment disrupter gas results from experiment number 1. 
 
 Gas Flux Chamber Top Middle Lower
Chamber Headspace Mud Mud Mud
Experiment 1 Sample 1 Sample 2 Sample 3
Methane 84.2 79.4 79.9 82.0
Ethane 10.5 12.9 12.9 12.1
Ethylene 0.5 1.2 1.2 1.2
Propane 3.3 3.8 3.6 2.8
Propylene 0.5 1.3 1.3 1.1
Butane 1.0 1.4 1.2 0.8
Total gas (ppm) 729,810      31,749       25,911         17,584        
Figure 6.8 Experiment number 1 disrupter gas results (normalized methane 
percent and ppm concentration) for three sediment sections and chamber 
headspace. 
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6.2.2 Chamber experiment number 2 
Profiting from chamber experiment number 1, the gas charge procedures 
were modified to avoid the “pressure jump”.   Initially the pressure was set to 
3 psi. The upper chamber pressure gauge slowly rose to 2 psi. The pressure 
was gradually increased to 6 psi over the next 2 hours. The upper chamber 
pressure gauge increased to 4.9 psi during this time. After 24 hrs, the upper 
chamber pressure gauge was stable at 5 psi. During the next 3 days, the 
pressure was increased to a final pressure of 16.5 which resulted in 15.7 psi in 
the upper chamber pressure gauge. During the next four weeks, the flux 
chamber protocol was to: 
• open upper probe septum cap during the day, 
• water allowed to flow during day, and 
• upper probe closed at night with gas tank shut off 
The total amount of water expelled during this time was 407 mL (much 
more than noted in gas chamber experiment number 1). After four weeks, the 
gas flux chamber was allowed to equilibrate for an additional 3.5 weeks. After 
a total of eight weeks, the chamber headspace gas and sediment probe gas 
was analyzed and then the chamber was opened. No cracks indicating 
preferential migration path were observed. The mud plug had shrunk. The 
chamber mud was analyzed by the disrupter interstitial gas extraction and 
University of Victoria’s microdesorption sorbed gas methods. Sediment 
samples were collected from different depths within the chamber:  
1. above top probe (sample 1-top),  
2. between upper probe and gas introduction probe (sample 2- middle), 
3. between sample 2 and gas introduction probe (sample 3-lower), and  
4. below gas introduction probe (sample 4-below probe).  
Results of sediment gas analysis experiment number 2 
The four disrupter extracted sediment interstitial gas samples contain 
consistent hydrocarbon gas compositions, 81.0 to 82.4% percent methane 
(normalized percent using ppm) and decrease in total gas concentration from 
the upper to lower samples (39,552 to 27,740 ppm) similar to the first 
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experiment. In addition, the sediment gas contains less methane (more wet 
gas C2-C4) than the charge gas; methane percent 81.0 to 82.4% (normalized 
percent using ppm data) in the sediment compared to 84.5% (normalize 
dpercent) in charge gas (Figure 6.9 and Table 6.4 a and b). 
The gas flux chamber headspace (free gas between sediment and upper 
chamber lid) contains a much higher total gas volume 416,027 ppm with a gas 
composition similar to charge gas; gas flux chamber headspace methane 
content of 86.3% versus charge gas methane content of 84.5% (normalized 
using ppm). The hydrocarbon gases extracted from the free water (dissolved) 
sitting on top of the sedimentary column contain less total gas volume (2,380 
ppm) than the free headspace gas (416,027 ppm) (Table 6.4a).  The headspace 
free water gas composition (82.7% percent methane) is more similar to the 
sediment gas (81.0 to 82.4% percent methane) than charge gas (84.5 %methane 
percent). 
The four sorbed extracted sediment gas samples (sample 1 to 4) contain 
relatively consistent hydrocarbon gas composition, 59 to 63% methane percent 
(normalized using ppm) with a marked decrease in total gas concentration 
from upper to lower; 227 to 83 ppm (Figure 6.10). A similar decrease was 
noted in the interstitial disrupter total gas concentrations (Figure 6.9). The 
sediment bound gases contain much less methane (59 to 63% methane) than 
the charge gas (84.5%).  
The sediment sorbed gases contain much less percent methane (more wet 
gas C2-C4) compared to replicate interstitial disrupter gas measurements, 
60.7% average bound versus 81.6% average interstitial methane percent, and 
much less total gas concentration 140 ppm (bound) versus 34,031 ppm 
(interstitial) average total gas concentration in ppm.  
The sorbed methane carbon isotopic ratios range from δ13C1 -37 to -40 per 
mil, 4 to 6 per mil heavier than the charge gas with -44.4 per mil.  No 
disrupter methane gas isotopic ratio data is available.  
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Table 6.4. Sediment disrupter gas results from experiment number 2.  
a. Headspace, water and upper probe data in normalized % using ppm. 
   
Gas Flux Flux Upper Probe Surface
Chamber Chamber Probe Water Water
Experiment 2 Headspace Gas HS HS
Methane 86.3 89.6 82.7 82.2
Ethane 9.5 7.9 12.7 12.1
Ethylene 0.3 1.1 1.1 1.2
Propane 2.8 0.9 2.3 2.8
Propylene 0.3 0.4 1.0 1.1
Butane 0.8 0.1 0.2 0.6
Total gas (ppm) 416,027      423           4,073           2,380          
b. Disrupter mud data in normalized % using ppm.   
Gas Flux Top Middle Lower Below Probe
Chamber Mud Mud Mud Mud
Experiment 2 Sample 1 Sample 2 Sample 3 Sample 4
Methane 81.0 81.9 81.9 82.4
Ethane 12.4 12.2 12.2 11.8
Ethylene 1.0 1.0 1.0 1.0
Propane 3.4 3.0 3.0 2.9
Propylene 1.0 1.0 1.0 1.0
Butane 1.2 0.8 0.8 0.9
Total gas (ppm) 39,552       32,190        36,645      27,740          
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Figure 6.9 Experiment number 2 disrupter gas results (normalized methane 
percent and ppm concentration) for four sediment sections, chamber 
headspace, probe gas, and dissolved gas from probe and surface waters. 
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Figure 6.10 Experiment number 2 University of Victoria microdesorption 
(sorbed) gas results (normalized methane percent and ppm concentration) for 
four sediment sections. 
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6.2.3 Chamber experiment number 3 
The pressure was gradually increased at the rate of 1 psi per 30 minute 
until 16 psi was reached. During the following three weeks the probe septum 
cap was opened and water was allowed to be expelled. The total amount of 
water expelled during this time was 743 ml (more than in the 2 previous 
experiments). After these 3 weeks, the chamber was left untouched to 
equilibrate for another 4 weeks.  
After a total of 8 weeks from the beginning of the gas flux chamber 
experiment, the chamber headspace gas and probe gas was analyzed and the 
chamber left open. No cracks indicating preferential migration paths were 
observed.  The mud plug had shrunk and there were several good size vugs 
(see Figures 6.11 and 6.12). The chamber mud was analyzed by disrupter 
interstitial gas extraction method only. Four mud samples were collected from 
different depths within the chamber: above the top probe (sample 1) and 
below the top probe (sample 2); and above the gas introduction probe (sample 
3) and below the gas introduction probe (sample 4).  
Results of sediment gas analysis experiment number 3 
The four disrupter extracted interstitial sediment gas samples (sample 1 to 
4) contain relatively consistent hydrocarbon gas composition, approximately 
77.0 to 77.4% methane percent (normalized using ppm) (Figure 6.13 and Table 
6.5). The total gas concentration decreases from the upper to lower sample; 
27,101 to 22,461 ppm.  In addition, the sediment gas contains less methane 
(more wet gas C2-C4) than the charge gas; methane percent 77.0 to 77.4% 
(normalized percent using ppm) compared to charge gas 84.5% (normalized 
percent using ppm). 
The hydrocarbon gases extracted from the upper probe prior to opening 
the chamber in experiment number 3, contain much less total gas volume (226 
ppm) than the free headspace gas. The upper probe gas composition has more 
methane 86.7% (normalized ppm) compared to sediment interstitial gas with 
an average methane percent of 77.3% and charge gas with a methane percent 
of 84.5%. The hydrocarbon gases extracted from the probe water contain 
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much less total gas volume (470 ppm) than the disrupter sediment gas and 
with a composition more similar to the sediment interstitial gas, 76.3% probe 
water methane percent (Table 6.5). 
 
Table 6.5 Sediment disrupter gas results from experiment number 3.  
 
 Gas Flux Flux Probe Upper Above probe Top Middle Lower
Chamber Chamber Water Probe Mud Mud Mud Mud
Experiment 3 Headspace HS Gas Sample 1 Sample 2 Sample 3 Sample 4
Methane 86.0 76.3 86.7 77.4 77.3 77.4 77.0
Ethane 9.7 16.2 9.4 13.7 13.9 13.6 14.0
Ethylene 0.4 2.0 1.2 1.3 1.3 1.3 1.3
Propane 2.8 3.0 1.6 4.3 4.3 4.3 4.4
Propylene 0.3 2.3 0.9 1.5 1.6 1.5 1.6
Butane 0.8 0.2 0.2 1.8 1.7 1.9 1.8
Total gas (ppm) 781,813           470               226                  27,101       27,102       26,900       22,461        
 
Figure 6.11 Gas flux chamber mud plug from experiment number 3.                        
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Figure 6.12 Gas flux chamber mud plug from experiment number 3 
displaying mud shrinkage as a result of dewatering. Note hole in the center is 
from the hydrophobic probe. 
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Figure 6.13 Experiment number 3 disrupter gas results (normalized methane 
percent and ppm concentration) for four sediment sections, chamber 
headspace, probe gas, and dissolved gas from probe and surface waters. 
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6.3 Summary gas flux chamber experiments 
The empirical observations from all three gas flux chamber experiments 
are directionally similar: 
• sediment disrupter (interstitial) gas has less methane (increase in 
wet gas fraction) relative to charge gas, 
• sediment disrupter gas contains a lower volume (concentration) 
relative to free gases above sedimentary column, 
• sediment sorbed (bound) gas has less methane (increase in wet gas 
fraction) relative to charge gas,  
• sediment sorbed (bound) gas has less total gas concentration 
relative to replicate interstitial sediment gases,  
• sediment bound (sorbed) gas has less methane (increase in wet gas 
fraction) compared to replicate disrupter sediment gas samples 
What conclusions can be made from these long term gas flux chamber 
experiments ? 
• bulk flow via elevated pore pressure induced fractures is the most 
likely migration process based on the relatively fast migration rates 
(too fast for diffusion),  
• fractionation between sediment gases and headspace-water gases 
indicate partitioning fractionation or non equilibrium conditions 
have been reached, and   
• bound sediment gases have increased wet gas composition relative 
to charge gas and interstitial gas indicating partitioning-
fractionation (similar observations with gas charge sample can 
experiments).   
Outstanding questions which still need to be addressed include: 
1. Why differences exist between sediment (interstitial and bound), 
chamber headspace, and charge gas (concentration and 
composition)?  
2. Why differences exist between the disrupter interstitial and 
University of Victoria’s sorbed (bound) sediment gases?  
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3. Has equilibrium been established between charge gas and the 
sediment, headspace water, pore water, and chamber 
headspace? 
4. Would the results in an “open system” (natural) be any different 
than a closed laboratory system? 
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Chapter 7 
Development of methods to collect and analyze gasoline range 
plus (C5 to C12) hydrocarbons from laboratory charged sediments  
 
7.1 Current methods to measure gasoline range plus (C5 to C12) 
hydrocarbons in sediments 
The main focus of my thesis research has been examining the light 
hydrocarbons (C1 to C4) extracted from near-surface marine sediments and 
how they can be used as indicators of subsurface hydrocarbon generation and 
entrapment. The current research effort has indicated the gasoline range plus 
hydrocarbons (C5 to C12) can also be very useful in the detection of subsurface 
thermogenic hydrocarbons.  
The gasoline range plus hydrocarbons comprise of molecules with five to 
twelve carbons arranged in linear, branched and cyclic aliphatic structures 
along with simple monoaromatic hydrocarbons such as benzene, toluene and 
o-, m-, and p-xylenes. Unlike the light hydrocarbons which may be from 
thermogenic or bacterial processes, the gasoline range plus hydrocarbons are 
usually derived from thermogenic processes associated with a working 
petroleum system. They are volatile and occur in the frontal positions within 
the oil migration avenues. The gasoline range plus hydrocarbons are the first 
ones to leak from oil accumulations through the caprock and often reach the 
sediment surface petroleum seepage in most petroleum bearing basins 
(Leythaeuser et al., 1983; Kross and Leythaesser, 1996) thus making this 
boiling point range of hydrocarbons excellent candidates for surface 
geochemistry surveys.  
To date few surface geochemical surveys attempt to evaluate the gasoline 
range plus hydrocarbons in near-surface marine sediments. The canned 
headspace gas extraction method (see Chapter 2.31 for details) has been used 
to evaluate seabed gasoline range hydrocarbons with limited success.  
Hydrocarbon compounds within the C5 plus carbon number range have 
higher boiling points and low vapour pressures relative to the light 
hydrocarbons and thus will be liquids at surface temperatures and pressures 
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unlike the light hydrocarbons. This makes sampling gasoline range plus 
hydrocarbons from a sample container headspace at surface conditions very 
difficult.   
To demonstrate the potential problems, a can headspace was subjected to 
gas chromatographic analysis from a very large Gulf of Mexico seep. This 
macro-seep contains hydrocarbons up to C10 and includes monoaromatic 
compounds such as benzene (Figure 7.1).  Note the systematic decrease in 
peak heights with increasing carbon number after pentane (C5). This is 
partially related to the distribution of gasoline hydrocarbons within the seep 
zone but is also related to limitations of the headspace sampling method for 
evaluating higher molecular weight hydrocarbons (above C5+)1.  The example 
shown in Figure 7.1 is from a very prolific massive seep with large volume 
gasoline range hydrocarbons present in the surface sediments. The headspace 
method would be even less effective in areas of passive or micro-seepage (low 
concentrations).    
 
1 The hydrocarbon components must be in a vapour phase within the 
headspace in sufficient quantities in order to sample by conventional 
syringe extraction method. The C5+range hydrocarbons (pentane plus) do 
not partition in the headspace very efficiently due to the elevated boiling 
points.   
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Figure 7.1 Headspace gas chromatography C1 to C10+ analysis of equilibrated 
can headspace from offshore Gulf of Mexico seep zone (unpublished data 
courtesy of Furgo Geomarine Services).    
 
 
 
 
 
 
 
 
 
 
 
 
Key to selected labels: 
 
normal alkanes: 
nC6 – nC12: hexane, heptane, octane, nonane,   
     Decane, undecane, & dodecane 
i = iso 
 
branched alkanes 
2-MH 2-methylhexane 
3-MH 3-methylhexane 
2-MHep 2-methylheptane 
 
cyclic alkanes: 
MCP          methylcyclopentane 
CH          cyclohexane 
MCH          methylcyclohexane 
1,3-DMCH        cis 1,3-dimethylcyclohexane 
1,2-DMCH        trans 1,2-dimethylcyclohexane 
ECH                   ethylcyclohexane 
 
Aromatics: 
B              benzene 
T              toluene 
EB            ethylbenzene 
m+p-X     meta + para xylene (co-elution)  
o-X           ortho xylene 
TMB        1,2,4-trimethylbenzene 
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The only other surface geochemistry method currently used to examine 
gasoline range plus hydrocarbons in near-surface unconsolidated marine 
sediments is the Gore & Associates’ GORE-SORBERS®. The GORE-SORBERS® 
method has been traditionally used for onshore passive soil sampling where 
the sorbers are placed in the soil for an extended period of time (2 to 4 weeks). 
The GORE-SORBERS® evaluates a full range of hydrocarbons from C2 to C20+ 
(Table 7.1) using a module constructed of GORE-TEX ePTFE 
(polytetrafluoroethylene) and sorbent filled collectors (Figure 7.2). ePTFE is a 
chemically inert microporous hydrophobic structure that allows the vapour 
transfer of interstitial gases but not water. Modules are analyzed via thermal 
desorption coupled with mass spectroscopy. According to Gore & Associates, 
hydrocarbons must be in a vapour phase to pass through the ePTFE material 
and adsorb onto the different sorbent materials. The gasoline range plus 
hydrocarbons will be liquids at room temperature (25°C) but do have a small 
volatile region of phase stability. Only a very small volume of the gasoline 
range plus compounds will partition into the gas phase at seabed or 
conventional laboratory sampling temperatures. 
The key to sampling gasoline range plus hydrocarbons in near-surface 
sediments is to capture and analyze with minimum fractionation. The 
conventional headspace method is not very effective within the higher 
gasoline range plus boiling point range as discussed above. GORE-SORBERS 
may suffer from similar problems in the higher boiling range of the gasoline 
range compounds. No published tests are available to evaluate the 
effectiveness of the GORE-SORBERS for capturing the full range of 
hydrocarbons listed in Table 7.1. 
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Figure 7.2 GORE-SORBER® is a passive sampling method which evaluates 
hydrocarbons from C2 to C20 using a module constructed of GORE-TEX 
ePTFE (polytetrafluoroethylene) and sorbent filled collectors. ePTFE is a 
chemically inert microporous hydrophobic structure that allows the vapour 
transfer of interstitial gases. 
 
 
 
 
Conventional solvent extraction methods such as soxhlet extraction, do 
not work when the solvent is within the boiling point range of the 
hydrocarbons you are trying to sample. What is needed is a solvent-less 
method which captures the original spectrum of middle boiling point 
hydrocarbons in sediment samples and minimizes volatile loss during 
extraction and gas chromatographic analysis.   
One possible method to capture gasoline range plus hydrocarbons from 
marine sediments is currently being used by the University of Victoria and 
Geological Survey of Canada (GSC) to examine gasoline range hydrocarbons 
from crude oil samples (Harris et al., 1999).  The method called Solid Phase 
MicroExtraction (SPME) was initially developed for the analyses of volatile 
aromatic hydrocarbons for environmental surveys. 
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Table 7.1 List of hydrocarbon compounds captured and analyzed by passive 
GORE-SORBER® samplers (from Gore & Associates). 
 
Ethene/Ethane t12Dimethylcyclohexane
Ethane Ethylcyclohexane
Propene Ethylbenzene
Propane mpXylenes
1Butene 1Nonene
Butane oXylene
2Methylbutane Nonane
1Pentene Cyclooctane
Pentane Propylcyclohexane
Furan Propylbenzene
CarbonDisulfide 1Ethyl23methylbenzene
Cyclopentane 135Trimethylbenzene
2Methylpentane 1Ethyl4methylbenzene
3Methylpentane 1Decene
1Hexene Decane
Hexane 124Trimethylbenzene
2Methylfuran Octanal
Methylcyclopentane Benzofuran
24Dimethylpentane Indane
Cyclohexane Indene
Benzene Butylbenzene
2Methylhexane 1Undecene
3Methylhexane Undecane
c13Dimethylcyclopentane Nonanal
t13Dimethylcyclopentane 1245Tetramethylbenzene
t12Dimethylcyclopentane Dodecane
1Heptene Naphthalene
Heptane Decanal
Methylcyclohexane Benzothiazole
25Dimethylhexane Tridecane
Toluene 2Methylnaphthalene
3Methylheptane Tetradecane
c1314Dimethylcyclohexane Acenaphthylene
1Octene Pentadecane
Cycloheptane Hexadecane
c12Dimethylcyclohexane Heptadecane
Octane Pristane
t1314Dimethylcyclohexane Octadecane
26Dimethylheptane Phytane  
 
SPME appears to work very well in capturing the full range of gasoline 
range hydrocarbons from pure oils but has yet to be tested with 
unconsolidated marine sediments containing low levels of migrated 
hydrocarbons. To evaluate the effectiveness of SPME as a surface geochemical 
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exploration tool, a series of laboratory experiments have been designed with 
different concentration levels of light oil mixed with recent marine sediments. 
7.2 SPME (solid phase microextraction) method 
SPME was developed for analyses of volatile aromatic hydrocarbons 
(BTEX, acronym for benzene, toluene, ethylbenzene, and xylene) using a 
fused silica fiber coated with PDMS (polydimethylsiloxane liquid). The fused 
silica fiber is immersed in an aqueous phase with hydrocarbon contaminants 
(Zhang and Pawliszyn, 1993). Studies undertaken by Harris et al. (1999) 
demonstrated much better results are reached if the fiber is exposed to a 
headspace above the solution. This method was called Headspace Solid Phase 
MicroExtraction, or HSPME (Figure 7.3). HSPME was successfully used by 
Harris et al. (1999) to characterize the gasoline range hydrocarbons from crude 
oils. Their results demonstrated the HSPME method is rapid, reproducible, 
user friendly, gave good correlation with the purge and trap method, and 
preserved the highly volatile analytes.  
The HSPME method assumes equilibrium between liquid, headspace and 
fiber in the vial has been reached. The times needed to reach equilibrium 
depend on partition coefficients of all compound between the three phases 
but especially between the liquid (solute) and headspace (vapour). Harris et 
al. (1999) used a simplified concept of Dias and Freeman (1997); equilibrium is 
achieved when the amount of analyte extracted remains constant regardless 
of increasing exposure time between fiber and sample. The liquid to vapour 
equilibrium is proved to be reached for gasoline range hydrocarbons within 
10 to 15 minutes according to work by Harris et al. (1999). They found 5 
minutes was not sufficient because the C8+ hydrocarbons have higher 
partition coefficients and need a longer time to equilibrate with the SPME 
fiber. The most significant factor affecting the magnitude of the partition 
coefficient is the affinity of an analyte for the fiber coating. The choice of an 
appropriate stationary phase is extremely important.  
During the analysis the SPME fiber is exposed to the injector inlet where 
the analytes are desorbed almost instantly. To ensure complete desorption of 
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all analytes, the fiber is left extruded in the GC injector for most of the sample 
run time. The 20 to 40 minute time is sufficient for complete desorption which 
is desirable for a quantitative analysis, and important for the next sampling. 
The SPME fiber device must be fully desorbed, removing previous sampled 
hydrocarbons, before being reused. The detection limit of the HSPME for 
aromatic hydrocarbons is at ppt (parts per trillion) level according to Zhang 
and Pawliszyn (1993).  
Matrix effects comprise interactions of liquid matrix with organic 
compounds in the solution and affects transport of analytes through the 
liquid phase (Steffen and Pawliszyn 1996; Dias and Freeman 1997). The 
experimental tests with mixtures of 3, 5, and 7 different compounds did not 
show any evidence of competition for absorption sites on the fiber coating for 
pure oil (Harris et al., 1999).  
7.3 Gasoline range plus experiment protocols 
The HSPME gasoline range laboratory experiments were conducted in 
three stages;  
1. pure crude oil in the sampling 15 ml vial, 
2. crude oil and water-mud slurry in the sampling 15 ml vial, and 
3. composite standard mixture of gasoline range hydrocarbons in a 
closed 480 mL disrupter chamber.  
The HSPME method is based on the condition that phase/composition 
equilibrium is reached between:  
1) mud and headspace during desorption of hydrocarbons from 
suspension/slurry to the overlying vapour, and  
2) headspace and fiber during sorption of hydrocarbons from ambient 
vapor to the SPME fiber coated with sorbent.  
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Figure 7.3 Headspace Solid Phase MicroExtraction, or HSPME. The headspace 
SPME method is based on establishing equilibrium between liquid, headspace 
and fiber in the vial (Harris et al., 1999).   
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The purpose of these series of experiments is to evaluate the effectiveness 
of HSPME to detect and measure low concentrations of migrated crude oil in 
marine sediments. Key issues to be address in these experiments are: 
• lowest level of seepage that can be detected with HSPME,  
• optimal laboratory conditions for maximum recovery (temperature, 
water-sediment mix, water salinity, exposure time, and fiber type),   
• HSPME fiber compound selectivity, and 
• sediment migrated oil interaction (sorption).  
The HSPME experiments were conducted using a Wyoming crude oil 
provided by the Flying J oil refinery with an API gravity of 51°. The Wyoming 
oil has a full range of gasoline range plus hydrocarbons with no volatile loss 
or bacterial alteration (Figure 7.4). 
 
Figure 7.4 Whole oil gas chromatogram (WOGC) of Wyoming crude oil used 
in gasoline range plus HSPME experiments. 
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7.4 Results HSPME Experiments 
7.4.1 Crude oil only  
The first set of experiments was designed to reproduce Harris et al.’s (1999) 
experiments and evaluate the effectiveness of HSPME as a gasoline range plus 
detection tool as well as examine different fiber and exposure time issues. I 
used a similar HSPME set up to that used by Harris et al. (1999) placing the oil 
droplet in a vial with a Teflon lined silicone rubber septum (Figure 7.5).  The 
vial is placed on a heating/stir plate to facilitate mixing and temperature 
control; and to evaluate fibers, exposure time, temperature, and concentration 
with a pure crude oil.  
A 100 μm PDMS (polydimethylsiloxane) SPME fiber is inserted into the 
vial headspace above a crude oil droplet using the Supelco’s manual SPME 
apparatus shown in Figure 7.5 at two temperatures (30 °C and 45 °C) and 
variable time intervals (0.25 to 30 minutes).  
Comparison of conventional whole oil gas chromatography (WOGC) 
(Figure 7.6 top) to oil drop HSPME gas chromatography at 10 minute 
exposure and 45.5 °C temperature using the 100 μm PDMS 
(polydimethylsiloxane) fiber (Figure 7.6 bottom) indicates no selectivity by 
compound class, but the comparison does show inefficiency of the SPME 
100µm PDMS fiber in the n-C7 minus and n-C10 plus range. 
Figure 7.7 compares conventional whole oil gas chromatography to oil 
drop HSPME gas chromatography for variable exposure times (0.25 and 10 
minutes) using the 100 μm PDMS (polydimethylsiloxane) SPME fiber.  Note 
the elevated response of higher carbon numbers and decreased response of 
lower carbon numbers with longer extraction exposure time, 0.25 minutes 
(middle) to 10 minutes (bottom). The differences are related to the fiber 
response and compound volatility. 
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Figure 7.5 Conventional HSPME practice of transferring an aliquot of oil to a 
15 ml vial with Teflon lined silicone rubber septum. 
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Figure 7.6 Comparison of conventional WOGC (top) and oil drop HSPME 
(bottom) for 10 minute exposure at 45.5 °C. Comparison WOGC to oil drop 
HSPME gas chromatography using the 100 μm PDMS fiber indicates no 
selectivity by compound class does show inefficiency of fiber in n-C7 minus 
and n-C10 plus range. 
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        Key to Labels 
 
normal alkanes: 
•   nC6 – nC12: hexane, heptane, octane, nonane,   
     Decane, undecane, & dodecane 
 
branched alkanes 
°  2-MH               2-methylhexane 
°  3-MH               3-methylhexane 
°  2-MHep 2-methylheptane 
 
cyclic alkanes: 
+  MCP               methylcyclopentane 
+  CH               cyclohexane 
+  MCH               methylcyclohexane 
+  1,3-DMCH        cis 1,3-dimethylcyclohexane 
+  1,2-DMCH        trans 1,2-dimethylcyclohexane 
+  ECH                   ethylcyclohexane 
 
Aromatics: 
*  B              benzene 
*  T              toluene 
*  EB              ethylbenzene 
*  m+p-X              meta + para xylene (co-elution)  
*  o-X              ortho xylene 
*  TMB             1,2,4-trimethylbenzene 
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Figure 7.7 Conventional WOGC to oil drop HSPME GC for variable exposure 
times (0.25 and 10 minutes) using 100 μm PDMS SPME fiber.  Elevated 
response of higher carbon numbers and decreased response of lower carbon 
numbers with longer extraction exposure time, 0.25 minutes (middle) to 10 
minutes (bottom). 
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7.4.2 Crude oil and mud mix  
In the second set of experiments, small amounts of migrated oil mixed 
with marine sediments were tested. The processed Angola mud was spiked 
with a Wyoming pipeline crude oil (51° API) at 5, 50, and 500 ppm 
concentration levels.  Deionized (DI) water was added at a 2:1 volume (Table 
7.2).  The mud, water, and oil were mixed in the original prototype disrupter 
using a unidirectional paint can shaker.  After shaking for five minutes, 3.5 ml 
of the homogenized slurry was transferred to 15 ml vials with a small 
magnetic stir bar.  The vials are placed on a heating/stir plate for analysis.   
Comparing conventional gas chromatography analysis of the crude oil to 
oil drop in the headspace using HSPME displayed no compound class 
selectivity.  However, when extracting headspace using HSPME above the oil 
spiked mud slurry, the results indicate an enhancement of aromatic 
compounds over saturate (Figure 7.8).  
 
Note: prior to equilibrium  
Note: closer to equilibrium  
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Table 7.2 Processed Angola mud was spiked with a 51° API Wyoming 
pipeline crude oil at 5, 50, and 500 ppm concentrations. 
 
 5 ppm Mix 
(wt/wt) 
50 ppm Mix 
(wt/wt) 
500 ppm Mix 
(wt/wt) 
Processed Mud (gm) 151.8 151.5 151.8 
Processed Mud (gm/cc) 1.44 1.44 1.44 
Processed Mud (cc) 105.4 105.2 105.4 
Crude Oil (gm) 0.0008 0.0076 0.0759 
Crude Oil (gm/cc) 0.771 0.771 0.771 
Crude Oil (cc) 0.0010 0.0098 0.0985 
Deionized Water (cc) 210.9 210.5 210.8 
 
 
Figure 7.8 Conventional WOGC (top) and 500 ppm (wt/wt) oil in mud 
HSPME (bottom) using SPME 100 µm PDMS fiber. Note enhancement of 
aromatics over saturate compounds. 
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This result may be an artifact of the sediment oil mix preparation 
procedures. By opening the container in which the mud sample was spiked 
and homogenized; the original vapour phase quickly escapes when the mud 
is transferred to the vial preferentially retaining the aromatic compounds due 
to their higher solubility in water.  Thus the new headspace in the vial is not 
representative of the original spiked sample.   
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The HSPME gas chromatogram response was evaluated for oil and mud 
mixes at varying concentrations; 500 to 5 ppm (Figure 7.9). The exposure time 
was kept constant at 10 minutes and temperature kept constant at 
approximately 45 °C. Although the response was significantly lower in the 5 
ppm concentration level, the key oil related gasoline range compounds could 
be detected and identified.  Thus the HSPME method can be used to detect 
very small concentrations of migrated gasoline range hydrocarbons in 
sediments.  
HSPME gas chromatogram response was evaluated for varying extraction 
temperatures, 29 °C and 45 °C; while extraction time was kept constant at 10 
minutes for a 500 ppm concentration sample (Figure 7.10). The higher 
temperatures will drive more analyte from the liquid phase into headspace 
vapour, but the increased temperature also reduces the efficiency of SPME 
fiber absorption. Figure 7.10 displays elevated response of higher carbon 
numbers and decreased response of lower carbon numbers with higher 
temperatures.  
 
Figure 7.9 HSPME GC response for oil-mud mix at varying concentrations 
(500 to 5 ppm) with exposure time (10 min) and temperature (≈ 45 °C) 
constant. Response lower in 5 ppm concentration level, but key oil related 
gasoline range compounds could be detected and identified.   
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Figure 7.10 HSPME GC response for oil-mud mix at varying temperatures (29 
°C and 45 °C) for 500 ppm concentration level and 10 extraction time. GC 
displays elevated response of higher carbon numbers and decreased response 
of lower carbon numbers with higher temperatures.  
 
 
 
 
 
 
 
 
 
 
 
 
7.4.3 Multi-component hydrocarbon mix  
In the third and last set of HSPME experiments a simpler system (limited 
number of compounds) was tested under a more controlled laboratory setting 
to avoid volatile loss problems experienced in the second set of HSPME 
experiments. The processed Angola mud was spiked with two sets of made 
up multi-component hydrocarbon mixes:  
1) 12 component composite with four major compound groups: normal 
alkanes, cycloalkanes, isoalkanes, and aromatic (Figure 7.11a and Table 
7.3a). 
2) 7 component composite with one compound group: normal alkanes 
(Figure 7.11b and Table 7.3b). The mixture actually has 10 alkanes, but 
the weight % of n-C15, n-C16, and n-C17 are equal to the first 7 in the mix 
and were ignored. 
The composite standards and mud are mixed in a sealed disrupter vessel 
to prevent volatile loss. The SPME fiber is exposed to chamber headspace via 
a septum on the upper disrupter cap (Figure 7.12). 
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My goal during this final stage of SPME experiments was to evaluate the 
effect of temperature and water salinity on the equilibrium between mud and 
headspace during hydrocarbon desorption from slurry to overlying vapour; 
also headspace and fiber during sorption of hydrocarbons from ambient 
vapor to the SPME fiber.   
 
Figure 7.11 Composite standards used for HSPME experiments: (a) 12 
component composite standard, and (b) 7 component composite standard.   
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a. 12 component composite standard. 
b. 7 component composite standard. 
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Table 7.3 Composite standard mixtures used for HSPME calibration 
experiments. 
(a) 12 component composite standard.    
Standard Mixture No. 1  
Compound name Compound Class
Carbon 
Number Amount       (g) wt.% of mix
Heptane Alkane 7 0.2085 8.48
Methylcyclohexane Napthene 7 0.2066 8.41
2,4-Dimethylhexane Alkane 8 0.2060 8.38
Toluene (Methylbenzene) Aromatic 7 0.2045 8.32
2-Methylheptane Alkane 8 0.2059 8.38
trans 1,2-Dimethylcyclohexane Napthene 8 0.2013 8.19
Octane Alkane 8 0.2066 8.41
Ethylcyclohexane Napthene 8 0.2080 8.46
Ethylbenzene Aromatic 8 0.2009 8.17
2,3-Dimethylheptane Alkane 9 0.2045 8.32
O-xylene (1,2-Dimethylbenzene) Aromatic 8 0.2041 8.30
Nonane Alkane 9 0.2009 8.17
Total Amount (g) 2.4578 100.00  
(b) 7 component composite. 
Standard Mixture No.2
Compound name Compound Class
Carbon 
Number Amount       (g) wt.% of mix
Hexane Alkane 6 0.2101 11.45
Heptane Alkane 7 0.2054 11.19
Octane Alkane 8 0.2078 11.32
Nonane Alkane 9 0.2018 10.99
Decane Alkane 10 0.2029 11.05
Dodecane Alkane 12 0.2078 11.32
Tetradecane Alkane 14 0.2037 11.10
Pentadecane Alkane 15 0.0800 4.36
Hexadecane Alkane 16 0.1592 8.67
Heptadecane Alkane 17 0.1570 8.55
Total Amount (g) 1.8357 100.00  
The HSPME experimental conditions examined in the last set of 
experiments included:  
1) sampling temperature:  
• 22 to 23 °C (ambient conditions)  
• elevated temperatures of approximately 34 °C. 
2) equilibrium time: 1 to 50 minutes 
3) pore water salinity: 
• deionized water 
• saturated NaCl solution  
4) four different SPME fibers, all commercially produced by SUPELCO 
and recommended as sorbents of volatile compounds. The SPME 
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fiber itself was composed of fused silicon and coated with specific 
absorptive phase(s) of the following thickness:  
• 100 μm polydimethylsiloxane (PDMS) 
• 85 μm carboxen/polydimethylsiloxane (CAR/PDMS) 
• 75 μm carboxen/polydimethylsiloxane (CAR/PDMS) 
• 50/30 μm divinyl benzene/carboxen/polydi-methylsiloxane 
(DVB/CAR/PDMS).  
 
Figure 7.12 Composite standards and mud are mixed in a sealed disrupter 
vessel to prevent volatile loss. SPME fiber exposed to chamber headspace via 
a septum on the upper disrupter cap. 
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The experiments started with the simple system of standard vapour and 
fiber with sorbent and gradually increased in complexity. In each experiment, 
only one parameter is changed to evaluate its specific effect on measured 
data. The experiments were carried out with the following settings:  
a. standard in a closed disrupter container (dry),  
b. standard + water solution in a closed disrupter container, and  
c. standard + brine solution + mud in a closed disrupter container. 
Based on the growing experience from each step, each experiment was a 
stepwise movement to optimize the analytical procedure.  
a. standard in a closed disrupter container:  One (1) μL of pure Standard 
Number 1 was injected by syringe into the closed disrupter container with no 
other components via the disrupter lid septum. The effect of exposure time on 
absorbed quantity of the hydrocarbons mixed together in standards was 
evaluated for all SPME fibers. The exposure time ranged from 15 seconds to 
50 minutes and two different temperatures (~23 °C and ~34 °C) were used.  
Thus the peak areas in each analysis reflect specific absorption efficiency 
along with the detector response factor of the injected, absorbed, and 
analyzed compounds from the composite Standard Number 1 (Figures 7.13 a 
and b).  
The SPME fibers are highly sensitive to small variations in room 
temperature. From repeated measurements the experiments indicate that 
reproducible hydrocarbon results require temperature differences less than 
1°C. Temperature variations greater than 1 °C may result in differences 
unrelated to hydrocarbons present in the sample. 
The 75 and 85 μm CAR/PDMS fibers display very strong preferential 
selectivity to aromatic hydrocarbons (Figure 7.13b) resulting in the aromatic 
compounds having concentration levels significantly higher than the cylco- 
and iso-alkanes. The 100 PDMS and 50/30 DVB/CAR/PDMS fibers provide 
needed sensitivity to small concentrations with less compound group 
selectivity problems (Figure 7.13a).  
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The 100 PDMS and 50/30 DVB/CAR/PDMS fibers also reached near 
equilibrium within 5 to 10 minutes whereas the 75 and 85 μm CAR/PDMS 
fibers require 25 or more minutes to reach equilibrium and stabilize (Figures 
7.13 a and b). 
Based on the above results, the 100 PDMS and 50/30 DVB/CAR/PDMS 
SPME fibers were chosen for the next series of calibration evaluations. 
 
Figure 7.13 Standard No. 1 in dry disrupter using different SPME fibers: 
(a) 50/30 DVB/CAR/PDMS and 100 PDMS. 
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(b) 75 PDMS and 85 PDMS fibers. 
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Standard Number 2 (7 component alkanes only) was examined using the 
100 μm PDMS  and 50/30 μm DVB/CAR/PDMS fibers at two temperatures, 
(~23 °C and ~34 °C) to further examine the temperature sensitivities issues 
(Figure 7.14 and 7.15). The higher temperatures will drive more analyte from 
the liquid into headspace vapour but the increased temperature also reduces 
the efficiency of SPME fiber absorption. Thus increased temperatures (above 
ambient) will not provide a more “efficient” result. 
 
Figure 7.14 Standard No. 2 (7 component, normal alkanes) in dry disrupter 
using different temperatures for 100 PDMS fiber with ambient temperature 
(23 °C) and elevated temperature (34 °C). Higher temperatures drive more 
analyte from liquid into headspace vapor but increased temperature will also 
reduce efficiency of SPME fiber absorption. 
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In the next experiment, reproducibility of repeated headspace sampling 
using the 100 µm PDMS fiber was evaluated. The results show that after 8 
repeated samplings of headspace vapour, the GC response (peak area) starts 
to decrease (Figure 7.16). 
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Figure 7.15 Standard No. 2 (7 component, normal alkanes) in dry disrupter 
using different temperatures for 50/30 DVB/CAR/PDMS fiber with ambient 
temperature (23 °C) and elevated temperature (34 °C). Higher temperatures 
drive more analyte from liquid into headspace vapour but increased 
temperature will also reduce efficiency of SPME fiber absorption. 
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b. standard and water solution in closed disrupter container:  
The 100 μm PDMS and 50/30 μm DVB/CAR/PDMS fibers were selected 
for the next set of experiments: testing the influence of water salinity. The 
container is filled with 320 ml solution (2/3 volume deionized or NaCl 
saturated water), close the lid, add 1 μL of standard to disrupter through 
septum using syringe, and shake for five minutes. Exposure time is 1 to 20 
minutes at room temperature (~23 °C).  
The preferred solubility of aromatic hydrocarbons in water is suppressed by 
using brine as the liquid phase in the experimental setting. Note the time 
required for equilibrium is longer in NaCl saturated solution relative to 
deionized water (Figure 7.17).  
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Figure 7.16 Standard number 2 (7 component normal alkanes) within closed 
chamber with replicate headspace samplings using 100 µm PDMS fiber. 
Results show that after 8 repeated samplings of headspace vapor, the GC 
response (peak area) starts to decrease. 
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Figure 7.17 Influence of increased salinity using Standard Number 1 with 
NaCl saturated solution and deionized water within disrupter and 100 μm 
PDMS fiber. The preferred solubility of aromatic hydrocarbons in water is 
suppressed by using brine as the liquid phase. Note time required for 
equilibrium is longer in NaCl saturated solution relative to deionized water. 
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Comparison of two different SPME fibers using the Standard Number 1 
(12 components) with 2/3 volume NaCl saturated solution and disrupter 
vessel, indicate that the total amount of absorbed hydrocarbons on the 50/30 
μm DVB/CAR/PDMS fiber is higher than that on the 100 μm PDMS fiber 
(Figure 7.18). Therefore the 50/30 μm DVB/CAR/PDMS fiber is more 
efficient than the 100 μm PDMS fiber. When saturating the solution with salt, 
heat is no longer required to drive analytes into the headspace as a vapour. 
Theoretically the gasoline range plus hydrocarbons are less soluble in the 
saturated brine solution, but the mud may have other sorption properties 
unrelated to the water solubility. 
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Figure 7.18 Results for 100 PDMS and 50/30 DVB/CAR/PDMS fibers with 
same system (standard number 1 with 2/3 NaCl saturated solution in 
disrupter). Total amount of absorbed hydrocarbons on the 50/30 μm 
DVB/CAR/PDMS fiber is higher than that on the 100 μm PDMS fiber. 
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c.  standard, brine solution, and mud in disrupter container:  
The 100 μm PDMS and 50/30 μm DVB/CAR/PDMS SPME fibers were 
tested using Standard Number 1, brine solution, and mud slurry mix in the 
closed 480 mL disrupter chamber. The disrupter chamber is filled with 160 ml 
of processed Angola mud, 160 ml saturated NaCl solution, seal lid, and add 1 
μL of Standard Number 1 to the disrupter through the septum using syringe 
injection.  The mixture is shaken for ten minutes using the paint shaker. Key 
observations from the standard, brine solution, and mud in disrupter 
container (Figure 7.19):  
1. Different order and level of absorbed compounds when compared to 
composite standard and liquid system.  
2. Increased time required to reach equilibrium. 
3. Decreased amount of SPME extracted hydrocarbons relative to the 
composite standard and liquid system. 
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4. Differences in hydrocarbon retention by sediments with different 
composition. 
The addition of mud increases the experimental system complexity and 
provides additional evidence that organic matter sorption by unconsolidated 
sediments is an important factor which could modify the extracted gas 
composition. This is well recognized in the environmental literature, but 
generally ignored in the surface geochemical studies. These experiments not 
only demonstrate that sediment adsorption is a factor, but provide new data 
on changes in distribution of compounds in the original migrated fluid. 
 
Figure 7.19 Results from 1 μL Standard Number 1 in the Angola mud, NaCl 
saturated solution mixture using 100 μm PDMS fiber indicating an increase 
time required to reach equilibrium. 
 
10 20 30
Equlibrium Time (min)
0
20
40
60
80
100
120
140
160
G
C
 R
es
po
ns
e 
(P
ea
k 
A
re
a)
100 μm PDMS fiber
n-ALK
ARO iso-ALK
cy-ALK
nC7
nC9
nC8
Tol
ECHex
MCHex
2-MHep
O-Xyl
EBen
 
 
 263
7.4.4 Evaluating optimal sampling protocols 
a. Evaluation of optimal extraction time: Closed vessel experiments using 
a pure Flying J oil mixed with the Angola mud were used to evaluate optimal 
extraction time and sediment-oil interactions. Two settings were applied in 
the experiments:  
1) crude oil in glass vial, and  
2) crude oil, brine and sediment mixtures in a closed container. 
Crude oil in glass vial: The 100 μm PDMS and 50/30 DVB/CAR/PDMS 
fibers were both used. One (1) μL drop of crude oil was placed into the dry 
glass vial. The minimum sufficient extraction time is 60 minutes for the 100 
μm PDMS and 40 minutes for 50/30 DVB/CAR/PDMS fibers (Figures. 7.20 
and 7.21). The 100 μm PDMS fiber has better sorption efficiency for C7 to C14 
hydrocarbons and the C7 minus and C14 plus the amount of absorbed 
hydrocarbons decreases. The 50/30 DVB/CAR/PDMS fiber is more efficient 
in sorption of aromatic hydrocarbons (T – toluene, p+mXy – para & meta 
xylene) and includes a slightly broader molecular range of hydrocarbons 
when compared with the 100 μm PDMS. 
 
Figure 7.20 Evaluation of optimal extraction time using oil drop in vial 
analyzed with 100 μm PDMS at ambient temp 22 °C. The 100 μm PDMS fiber 
has better sorption efficiency for C7 to C14 hydrocarbons while C7 minus and 
C14 plus decreases. 
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Figure 7.21 Evaluation of optimal extraction time using oil drop in vial 
analyzed with 50/30 μm DVB/CAR/PDMS at ambient temp 22 °C. 50/30 μm 
DVB/CAR/PDMS fiber is more efficient in sorption of aromatic 
hydrocarbons (T – toluene, p+mXy – para & meta xylene) and includes a 
slightly broader molecular range. 
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Crude oil, brine solution, and mud in disrupter container: The disrupter 
container is filled with 160 ml processed Angola mud, 160 ml saturated NaCl 
solution, 1 tablespoon NaCl. The lid is closed and 1μL oil added to the 
disrupter through the septum using a syringe. The disrupter container with 
the mud, oil, and saline water is place in the paint shaker for ten minutes. The 
100 PDMS fiber was used. 
The closed disrupter container with the crude oil, brine solution, and mud 
mix was sampled multiple times during the first day (10). The results vary 
during the day 1 sampling and analysis. The oil/brine solution/mud mixture 
required two days to reach equilibrium and provide constant relative 
amounts of HSPME compounds (Figure 7.22). The HSPME shows similar 
results after 20 and 30 min of exposure to the vapour above the mud and 
liquid in the chamber (Figure 7.23). Twenty (20) minutes are sufficient for 
constant results. The 100 μm PDMS adsorbs preferentially methcyclohexane 
(MCH) in respect to n-alkanes and aromatic compounds. The 50/30 
20 min extraction 
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60 min extraction 
nC10 
T 
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DVB/CAR/PDMS fiber provides a lower amount of MCH and higher 
aromatic hydrocarbons (Figure 7.24). 
 
Figure 7.22 Crude oil and mud in disrupter 30 minutes extraction analyzed 
with 100 μm PDMS at ambient temp 22 °C. The oil/brine solution/mud 
mixture required two days to reach equilibrium and provide constant relative 
amounts of HSPME compounds. 
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Figure 7.23 Oil drop and mud in disrupter analyzed 5th day after prepared 
with 100 μm PDMS at ambient temp 22 °C. The HSPME shows similar results 
after 20 and 30 min of exposure to the vapour above the mud and liquid in the 
chamber. 
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Figure 7.24 Oil drop & mud in disrupter analyzed 9th day after prepared with 
50/30 μm DVB/CAR/PDMS fiber at ambient temp 22 °C. The 50/30 
DVB/CAR/PDMS fiber provides a lower amount of MCH and higher 
aromatic hydrocarbons. 
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7.5 Field test of HSPME method in offshore Southeast Asia 
Seventy-three (73) piston cores with three sub-samples were collected as 
part of a seabed geochemical exploration program in Southeast Asia. A 160 ml 
sub-sample was provided to conduct disrupter chamber HSPME and 
headspace gas analysis. The samples were kept frozen until analysis in the 
University of Utah Geochemistry Laboratories. The frozen core samples were 
analyzed as follows:  
1. Thaw disrupters in approximately 45 °C water bath for 1 hour, (bath 
temperature drops initially).  
2. Record date, sample numbers, and thaw times in lab book. 
3. Shake thawed disrupters with sediment sample for ten minutes using a 
commercial unidirectional paint mixer (Figure 7.25). 
4. Use gastight syringe to sample disrupter headspace through septum 
and manually inject onto split/splitless GC inlet for hydrocarbon gas 
(C1 to C5) analysis.   
20 min extraction 
30 min extraction 
10 min extraction 
nC10 
MCH 
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5. After headspace analysis is successfully sampled and analyzed, insert 
SPME fiber assembly into headspace for 20 minute extraction, then 
inject onto split/splitless GC inlet for five minute desorption (Figure 
7.26). 
Figure 7.25 Disrupter chambers placed in unidirectional paint shaker end to 
end to provide thorough shaking and break apart from disrupter internal 
blades. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HSPME quantification procedure: The samples could not be spiked with 
a standard due to the very small concentration levels found in marine 
sediments and SPME fiber response.  In an attempt to relate SPME fiber 
response to amount of oil in mud, the average response at different times for 
uncharged muds spiked (Figure 7.27) with the oil standard was calculated. 
The curves represent a 2 point calibration for GC response of 1 and 10 µl oil 
added to mud with three time slices and sum.  GC area is translated to µl of 
oil in disrupter equivalence, 1 µl of oil in 160 ml of mud represents 6.25 ppm 
v/v. The HSPME data is reported as a sum of all resolvable areas within the 
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main boiling point range detected with the SPME fiber plus the UCM 
(unresolved complex mixture). 
 
Figure 7.26 After headspace analysis is successfully sampled and analyzed, 
insert SPME fiber assembly into disrupter headspace for 20 minute extraction, 
then inject onto split/splitless GC inlet for five minute desorption. 
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Figure 7.27 Calculated average response at different times for the same spike. 
Curves represent 2 point calibration for GC response of 1 and 10 µl oil added 
to mud.  Three time slices and sum. GC area translated to µl of oil in disrupter 
equivalence, 1µl of oil in 160 ml of mud represents 6.25 ppm v/v. 
 
 
 
 
 
 
 
 
 
 
 
HSPME results: Most of the 219 samples analyzed contain background 
levels of sediment interstitial gas (C1 to C5) and HSPME total area (Figures 
7.28, 7.29, and 7.30) based on examination of histograms and gas plots. 
Samples with disrupter headspace gas less than 10,000 ppm are considered to 
be background. This value is not only based on the distribution of total 
headspace gas (Σ C1 to C5) from these Southeast Asia samples but results from 
other worldwide surveys (Abrams, 2005).  Samples with disrupter HSPME 
total areas less than 750 units are considered to be background. Most of the 
Southeast Asia background samples contain values less than 300 units. 
Samples with anomalous values range from 1,000 to 37,000 units. 
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Figure 7.28 Histogram of disrupter total headspace gas (Σ C1 to C5) from 
Southeast Asia seabed geochemical survey. 
 
0
20
40
60
80
100
120
140
160
0 100 200 300 400 500 600 700 800 900 1000 10000 20000 30000 40000 50000 60000 70000 80000 90000 100000
Total Disrupter Headspace Gas (ppm) Bins
Fr
eq
ue
nc
y
Background Anomalous
 
 
Figure 7.29 Disrupter headspace interstitial sediment gas results from 
Southeast Asia seabed cores, variation of wet gas percent (Σ C2 - C5/Σ C1 - C5 x 
100) and total headspace gas (Σ C1 to C5). 
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Figure 7.30 Histogram of disrupter HSPME total (SPME units) area results 
from Southeast Asia seabed geochemical survey. 
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Total headspace disrupter interstitial gas (Σ C1 to C5) and disrupter 
HSPME total area (C5 to C12 carbon range) display a scattered but general 
correlation between the two measurements indicating samples with elevated 
interstitial free gas also have a anomalous gasoline range plus hydrocarbons 
present (Figure 7.31). 
The Southeast Asia sediment core disrupter HSPME gas chromatograms 
display two major signatures, background (Figure 7.32) and anomalous 
(Figure 7.33). The background HSPME gas chromatograms contain very low 
overall signal response (less than 10 total area). The key peaks present are 
from the SPME fiber which are desorbed during the standard thermal 
extraction GC analysis. This is relatively normal for SPME fibers (N. Dahdah, 
University of Utah, personal communication). Note the background SPME 
fiber response will vary with fiber and thus calculation of a standard 
background is not possible. 
The anomalous HSPME gas chromatograms contain very high overall 
signal response (greater than 40 total area). Closer examination of the 
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compound distributions indicate the anomalous HSPME gas chromatograms 
are very different than a “normal” oil;  
• very low normal alkanes (n-C5, n-C6, n-C7, and n-C8), 
• very low aromatics such as benzene, toulene, and xylenes, 
• very low cyclcoalkanes and single methyl cycloalkanes such as 
cyclopentane (CP), methyl-cyclopentane (MCP), cyclohexane (CH), and 
methyl-cyclohexane (MCH), and 
• isoalkanes and cycloalkanes with more than one methyl such as 2,3 
DMB, 2,2,3 TMB, 2,3 DMP, and 1,1,3 TMCP are elevated. 
Figure 7.31 Total headspace disrupter gas (Σ C1 to C5) disrupter versus 
disrupter HSPME total area for Southeast Asia core samples displaying 
scattered correlation between the two measurements. 
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To demonstrate the key differences, three whole oil gas chromatograms 
have been compared for (Figures 7.34 a and b):  
1. standard oil direct injection into GC, 
2. disrupter HSPME extracted mud mixed with the standard oil, and 
3. disrupter HSPME extracted from anomalous Southeast Asia sample.  
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Figure 7.32 Disrupter HSPME gas chromatogram signatures for depth profile 
within background core. Note the very low signal response. Peaks identified 
by arrow are normal fiber response signals. 
 
 
 
 
 
 
. 
• NOTE: mix of test oil with same Malaysian marine 
sediment does not show similar compound distribution (short 
term experiments)   
compounds in background marine sediments ? 
     ⇒ same signature not found background samples.  
• SPME fiber compound selectivity ?  
     ⇒ SGC Phase II experiments would indicate no. 
• mineral or organic sorption ? 
    ⇒ both low polarity n-alkanes and high polarity  
          aromatics are suppressed (low). 
• water solubility ? 
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Figure 7.33 Disrupter HSPME gas chromatogram signatures for depth profile 
within anomalous core. Note the elevated signal response. Peak identified by 
arrow is one of the larger fiber response peaks. Note how small it is relative to 
the anomalous peaks. 
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Figure 7.34 Comparison of whole oil gas chromatogram from standard oil 
versus WOGC from disrupter HSPME extracted mud mixed with standard oil 
versus WOGC from disrupter HSPME extracted anomalous sample.  
(a) Changes in compounds from standard oil to anomalous samples 
displaying efficiency range for chosen SPME fiber. 
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Figure 7.34 Comparison of whole oil gas chromatogram from standard oil 
versus WOGC from disrupter HSPME extracted mud mixed with standard oil 
versus WOGC from disrupter HSPME extracted anomalous sample.  
 (b) Variation in compound groups (n-alkanes, single methyl cycloalkane, 
multi methyl cycloalkane, and aromatic) from standard oil to anomalous 
samples. 
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The standard oil whole oil gas chromatogram shown in Figure 7.34 
contains normal distributions of n-alkanes (n-C5, n-C6, n-C7, and n-C8), 
aromatics (benzene, toulene, and xylenes), cycloalkanes (cyclopentane and 
cyclohexane), and cycloalkanes with one methyl group  (methyl-cyclopentane 
and methyl-cyclohexane) but the isoalkanes and cycloalkanes with more than 
one methyl group such as 2,3 DMB, 2,2,3 TMB, 2,3 DMP, and 1,1,3 TMCP are 
much lower and almost undetectable. 
The second whole oil gas chromatogram shown in Figure 7.34 is from 
disrupter HSPME extraction of a mud sample mixed with the standard oil. 
The WOGC chromatogram contains similar characteristics as the standard oil 
whole oil gas chromatogram except we see a distinctive loss of signal for 
hydrocarbons less than n-C7 and beyond n-C10. This demonstrates the boiling 
range of the particular SPME fiber used for these experiments. 
The bottom whole oil gas chromatogram shown in Figure 7.34 is from 
disrupter HSPME extraction for one of the anomalous Southeast Asia core 
samples. The whole oil gas chromatogram has a very different compound 
distribution relative to the two previous whole oil gas chromatograms. The 
anomalous Southeast Asian core sample contains very low n-alkanes (n-C5, n-
C6, n-C7, and n-C8), aromatics (benzene, toulene, and xylenes), cycloalkanes 
(cyclopentane and cyclohexane), and cycloalkanes with one methyl group  
(methyl-cyclopentane and methyl-cyclohexane) but elevated isoalkanes and 
cycloalkanes with more than one methyl group such as 2,3 DMB, 2,2,3 TMB, 
2,3 DMP, and 1,1,3 TMCP. 
This unique compound distribution is commonly found in biodegraded 
reservoir oils. Simon et al., (2002) examined the gasoline range plus 
hydrocarbons with varying levels of biodegradation. They observed the 
following:   
1. more soluble components such as benzene and toulene removed by 
water washing, and 
2. main controls on susceptibility to biodegradation; carbon skeleton, 
degree of alkylation, and position of alkylation. 
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The biodegration preference noted by Simon et al. (2002): 
1. ring preference: isoalkanes retained over alkycyclohexanes and to 
some extent alkycyclopentanes; dimethylpentanes more resistant than 
most dimethylcyclopentanes; methylhexanes depleted faster than 
methypentanes and dimethylcyclopentanes; and alkylcyclohexanes 
more resistant than linear alkanes. 
2. degree of alkylation: lower susceptibility to biodegradation with          
greater alkyl substitution for isoalkanes, alkycyclohexanes, 
alkycyclopentanes, and alkybenzenes. 
3. position of alkylation: adjacent methyl groups reduce susceptibility         
of an isomer to biodegradation 
These observations made by Simon et al., (2002) relative to biodegradation 
of reservoir oils appear to match the compound distributions noted in the 
Southeast Asia HSPME seabed samples. The good news is we can identify 
migrated petroleum in seabed geochemical samples using the disrupter 
headspace HSPME method. The bad news is the gasoline range plus 
compounds are readily altered in near-surface marine sediments making 
conventional organic matter typing and determination of organic maturity 
relatively difficult. One will need to look at the higher molecular weight 
compounds (C12 plus) using the more resistant biomarker range compounds 
to undertake a more rigorous source organic facies and maturation 
interpretation.  
Part of the biodegradation may be occurring after sampling. To date 
bacterial agents such as sodium azide are added to the sediment samples and 
freezing are used to prevent post sampling bacterial activity. Unfortunately 
the anti-bacterial agents are considered hazardous materials and can prevent 
normal shipping. In addition, unless the sodium azide is fully distributed in 
the mud sample and the samples kept frozen while in transit, there will be an 
opportunity for bacterial activity to persist. Another option to avoid 
hazardous materials and freezing issues is to super saturate the sample with 
salt (NaCl). To test this hypothesis, long term experiments were undertaken 
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with normal sea water and salt super saturated water. The replicate samples 
with a saturated brine displayed less bacterial alteration than the samples 
with conventional salt water after 109 days (Figure 7.35). More rigorous study 
needs to be carried out but these initial studies indicate a super saturated 
brine solution mixed thoroughly with the mud sample will prevent 
significant bacterial alteration of the migrated in-situ hydrocarbons. 
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Figure 7.35 Comparison of oil charged muds with normal sea water and super 
saturated solution. Replicate samples with a saturated brine displayed less 
bacterial alteration than the samples with conventional salt water after 109 
days. 
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7.6 Summary and conclusions from HSPME studies 
• The gasoline range charge experiments show that SPME has a very 
high sensitivity with detection of 1 μL, or less, of light crude oil in 160 
mL of wet sediment.   This amounts to approximately 6 ppm of crude 
oil.   
• Based on the laboratory experiments the optimum recommended 
laboratory procedure for HSPME is as follows: 
1. Use water bath to keep stable laboratory temperature since the 
HSPME method is highly sensitive to small temperature 
fluctuations.  
2. Use NaCl saturated solution to help aromatic compound partition 
from solution to vapour phase.  
3. Allow 20 minutes for SPME fiber to reach equilibrium with 
headspace vapours.  
4. SUPELCO recommends 100 μm PDMS fiber, but the experimental 
results indicate the 50/30 μm DVB/CAR/PDMS is a more efficient 
sorbent of aromatic and saturated hydrocarbons from a broader 
molecular range (C7 to C15).   
5. More testing of the real systems is necessary to better assess which 
fiber, 100 μm PDMS or 50/30 μm DVB/CAR/PDMS, is more 
efficient. 
• HSPME experiments indicate hydrocarbons within the gasoline range 
interact with the sediment by sorption.  Potential fractionation by 
preferential sorption may occur and further study will be required to 
better understand the effects of sorption on selected gasoline range 
compounds. 
• The gas chromatograms from anomalous Southeast Asia sediment 
samples display a very different compound distribution than normally 
found in conventional undegraded oils; very low normal alkanes, 
aromatics, cycloalkanes, and cycloalkanes with one methyl group but 
elevated isoalkanes and cycloalkanes with more than one methyl 
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group. This unique compound distribution is commonly found in 
biodegraded and water washed reservoir oils indicating the gasoline 
range hydrocarbons are subject to severe alteration effects. The 
addition of NaCl to the sample at high saturation levels appears to 
prevent post sampling bacterial alteration. Additional detailed study is 
needed to confirm this preliminary observation.  
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Chapter 8 
Conclusions and Future Work 
 
This PhD thesis set out with four major goals: 
• Determine best procedures to remove migrated hydrocarbon gases 
from near-surface marine sediments with minimal fractionation based 
on laboratory experiments and field calibration studies. 
• Develop best practices to evaluate near-surface sediment gases relative 
to subsurface petroleum generation and entrapment potential. 
• Evaluate analytical procedures to measure near-surface sediment 
gasoline range hydrocarbons (C5 to C10) to assist in the determination 
of subsurface petroleum generation, migration, and entrapment.   
• Better understand possible near-surface migration mechanisms. 
This was accomplished using a global surface geochemical database and a 
series of laboratory experiments using cleansed marine sediments charged 
with gas standards and oils. The following sections provide an overview of 
the key results.  
8.1 Empirical observations from global surface geochemical database 
The global surface geochemical survey database provides important 
information to develop empirical observations critical to understanding and 
evaluating seabed geochemical measurements; and planning of the gas and 
oil charge laboratory experiments.  
Identification of anomalous samples 
The identification of background and anomalous populations is an 
important step when evaluating surface gas measurements as indicators of 
subsurface generation and entrapment.  The recognition that sediment gas 
follows a log normal distribution. Thus the application of normal distribution 
descriptors such as mean, standard deviation, and variance have limited 
statistical validity with a log normal distributed surface geochemical dataset. 
Background samples (low concentration samples) have much greater 
potential for compound specific fractionation (wet gases versus methane) and 
thus should not be used to identify migrated thermogenic gases.  
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Gas extraction methods 
Sediment gases can reside in the interstitial spaces either dissolved in the 
pore waters (solute) or free gas (vapour), or bound to organic material or 
mineral surfaces (Abrams, 2005). The bound gases can also be trapped in 
authigenic carbonate inclusions (Abrams, 1996a).  
Multiple analytical procedures have been developed to remove gases from 
unconsolidated marine sediments. The terminology used for each sediment 
gas extraction method generally refers to the physical removal process and 
not how the gas is stored in the sediment (interstitial versus bound).  The free 
gases can be removed by a simple shaking method commonly known as 
headspace gas analysis or mechanical processes such as blender, ball mill, or 
disrupter to break apart the sediments and remove the interstitial gases. The 
bound gases are normally extracted using a combined chemical and 
mechanical extraction process known as acid extraction, adsorbed, and 
microdesorption.  
The global surface geochemistry database demonstrates gas compositions 
and stable carbon isotopic measurements vary with each sediment gas 
extraction method. Insufficient peer reviewed studies have been published or 
made available by the contract laboratories or industry research groups to 
determine which sediment gas extraction method best removes and 
characterizes migrated hydrocarbons gases derived from subsurface 
petroleum generation and entrapment. 
Evaluation sediment gas data relative to subsurface 
Comparison of gas composition and stable carbon isotopic measurements 
from sediment samples collected along key migration pathways in leaky 
petroleum seepage systems do not always match the corresponding reservoir 
gases. These molecular and isotopic differences could be related to 
fractionation which occurs as the gas migrates from source (mature organic 
matter or trapped hydrocarbons) to surface through the sedimentary column, 
mixing with in-situ derived gases (bacterial), alteration within the very near-
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surface sediments from bacterial activity and transition effects, or as part of 
the collection and gas extraction procedure. 
Compositional phase modeling indicates minimal fractionation should 
occur in a relatively low gas concentration closed system.  The same would be 
true for a large concentration bulk flow migration system assuming 
equilibrium has been reached. Near-surface secondary alterations and 
interfering gas sources can change the migrated petroleum seepage signal 
thus leaving a residual gas different than its original composition. Lastly, and 
most importantly, the gas extraction procedure can alter the in-situ gas 
composition and stable isotopic values. Major differences in gas compositions 
and stable isotopic values between sample splits using different gas extraction 
methods indicate the sediment gas extraction methods may be the dominant 
factor in the compositional and isotopic variations noted between near-
surface sediment gases and the corresponding subsurface reservoir gas.     
The global surface geochemistry database demonstrates other geochemical 
and non geochemical methods can be insightful in evaluating anomalous 
sediment gas origin. These other measurements include gasoline range 
hydrocarbons (C5 to C10), high molecular weight hydrocarbons (C12 plus), and 
sediment characteristics (total organic carbon size fraction, carbonate content, 
etc.). Examples in the global surface geochemistry database demonstrate the 
presence of anomalous high molecular weight hydrocarbons by themselves is 
not conclusive evidence the anomalous sediment gas is thermogenic  (could 
be related to reworking or transported hydrocarbons) and indicate sediment 
type can modify the gas measurements.   
8.2 Key observations from laboratory experiments 
Cleansed sediments have been charged with gas standards to better 
understand the effect of gas extraction methods on sediment gas compositions 
and isotopic measurements. The gas charge experiments require uniform 
sediments representing typical marine sediments with the same properties 
throughout the entire volume (homogenous), void of interstitial or bound 
hydrocarbon gases, no microbes as a potential source of gas or microbial 
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alteration, and free of un-homogenized clumps. In addition, the sediment 
preparation process should not change the natural behavior of the sediment 
such as clay sorption. Replicate samples and blank control samples have also 
been included in the experiment protocols to better assure the results are 
valid and not related to existing in-situ hydrocarbons. The above sediment 
gas charge experiments indicate (Table 8.1): 
• Conventional can headspace sediment gas extraction, when handled 
properly and measured using partitioning calculations, will provide 
gas compositions and isotopic ratios similar to the migrated or charge 
gas. 
• Conventional headspace tin cans with compression “paint can” lids 
may leak during long transits in non pressurized aircraft cargo bays 
providing gas compositions significantly different than the in-situ 
gases (elevated wet gas compositions). 
• Ball mill and acid extracted bound sediment gases provide 
compositions elevated in the wet gas components relative to the 
charge gases due to fractionation related to pre-processing sediment 
washing. 
• Microdesorption sorbed gas removal (closed vessel) with no pre-
processing washing provides methane percent similar to the charge 
gases but with a large variation in the wet gas component. 
• The newly developed disrupter sediment gas removal system 
provides gas compositions very similar to the gas charge standard. 
• Disrupter chambers with fixed blades may provide a better container 
to prevent leakage during transportation and break apart the 
sediment without any heat generation or other problems.  
• Long term experiments (2 to 3 months) provide similar results 
confirming the bound gas experiments were not an artifact of short 
term gas charging experimental procedure. 
 
 
 287
Table 8.1 Summary of gas charge experiments results. 
 
 
The cleansed sediments were also charged with crude oils to evaluate best 
methods to remove the gasoline plus range (C5 to C10) and high molecular 
weight (C12 plus) hydrocarbons. 
The gasoline range plus hydrocarbons comprise of molecules with five to 
twelve carbons arranged in linear, branched and cyclic aliphatic structures 
along with simple monoaromatic hydrocarbons. The gasoline range plus 
hydrocarbons are the first ones to leak from oil accumulations through the 
caprock and often reach the sediment surface thus making this boiling point 
range excellent candidates for surface geochemistry surveys. Two methods 
are currently available to examine marine sediment gasoline range 
hydrocrbons; conventional tin can headspace gas chromatography and the 
GORE-SORBERS® passive sampler with thermal desorption gas 
chromatography mass spectrometry. The GORE-SORBERS® evaluates a full 
range of hydrocarbons from C2 to C20+ using a module constructed of GORE-
TEX ePTFE (polytetrafluoroethylene) and sorbent filled collectors. A method 
used in environmental surveys was tested as part of this PhD research. Solid 
Phase MicroExtraction (SPME) was developed for analyses of volatile 
aromatic hydrocarbons using a fused silica fiber coated with PDMS 
(polydimethylsiloxane liquid). The fiber is exposed to a headspace above the 
mud sample solution in a closed system. This procedure is known as 
Headspace Solid Phase MicroExtraction or HSPME (Harris et al, 1999).  
Gas Extraction Method Results Potential Issues
Headspace - interstitial provides similar gas compositions preparation protocols critical
and compound specific isotopes potential container leakage
equilibration-partioning important
Disrupter - interstitial provides similar gas compositions preparation protocols critical
and compound specific isotopes equilibration-partioning important
Adsorbed - bound gas compositions with elevated washing may result volatile loss
(open) wet gas (20 to 30% higher)
Microdesorption - bound gas compositions similar but measuring bound or possibly
(closed) much higher variability, C1 and C2 remaining interstitial gas
isotopes similar to charge gas
Ball mill - occluded gas compositions with elevated washing may result volatile loss
wet gas (10 to 20% higher) frictional heat generate HC gas ?
C1 isotopes vary greatly
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The oil charge experiments demonstrate HSPME has a very high 
sensitivity with detection of 1 μL or less of light crude oil in 160 mL of wet 
sediment.   This amounts to approximately 6 ppm of crude oil. Based on the 
laboratory experiments, the optimum recommended laboratory procedure for 
HSPME is as follows: 
• Use water bath to keep stable laboratory temperature since the HSPME 
method is highly sensitive to temperature fluctuations.  
• Use NaCl saturated solution to help aromatic compound partition from 
solution to vapour phase.  
• Allow 20 minutes for SPME fiber to reach equilibrium with headspace 
vapours.  
• SUPELCO recommends 100 μm PDMS fiber, but the experimental 
results indicate 50/30 μm DVB/CAR/PDMS is a more efficient sorbent 
of aromatic and saturated hydrocarbons from a broader molecular 
range (C7 to C15).   
The HSPME experiments indicate hydrocarbons within the gasoline range 
interact with the sediment by sorption.  Potential fractionation by preferential 
sorption may occur and further study will be required to better understand 
the effects of sorption on selected gasoline range compounds.  
Gas chromatograms from anomalous Southeast Asia sediment samples 
display a very different compound distribution than normally found in 
conventional undegraded oils; very low normal alkanes, aromatics, 
cycloalkanes, and cycloalkanes with one methyl group but elevated 
isoalkanes and cycloalkanes with more than one methyl group. This 
anomalous compound distribution is commonly found in biodegraded and 
water washed reservoir oils indicating the gasoline range hydrocarbons are 
subject to severe alteration effects. The addition of NaCl to the sample at high 
saturation levels will prevent post sampling bacterial alteration effects.  
High molecular weight hydrocarbons can be extracted from near-surface 
marine sediments using low polarity organic solvents and then evaluated 
using extract gas chromatography. The quantification of unresolvable 
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hydrocarbon and non-hydrocarbon compounds can be used to gauge the 
level of hydrocarbon seepage in near-surface marine sediments. Experiments 
in this PhD research confirm UCM provides directional information on the 
level of migrated hydrocarbons present in the sediments.   
8.3 Comparison empirical observations from global surface geochemical 
database and laboratory experiments 
The literature demonstrates interstitial gases collected from conventional 
can headspace gas extraction methods provide gas compositions with less gas 
wetness than the ball mill, microdesorption, and adsorbed gas extraction 
methods. This observation is confirmed in the global surface geochemical 
survey database. Each commercial surface geochemistry laboratory claims 
their sediment gas extraction method is the best procedure to extract and 
characterize migrated hydrocarbon gases in near-surface sediments but none 
of these laboratories have provided a peer reviewed calibration study to 
confirm these claims. This  lack of calibration lead to the fundamental goal of 
my PhD research; test and calibrate existing sediment gas extraction methods 
and develop new gas and gasoline range hydrocarbon evaluation methods to 
better characterize subsurface hydrocarbon generation and entrapment.  The 
measurements should reflect the sediment gas present, not the method used.     
8.4 Recommendations for seabed geochemical surveys 
8.4.1 Sediment sampling  
The global surface geochemical survey database demonstrate geochemical 
samples collected within the very near-surface sediments have altered and/or 
mixed signatures relative to the deeper samples and reservoired 
hydrocarbons.  Thus surface geochemical samples must be collected below 
the Zone of Maximum Disturbance using deep coring technology. The core 
should be located on key migration pathways as determined with both high 
resolution and deep seismic profiles. Sediment samples should be processed 
quickly and place immediately in special sealed storage containers such as the 
disrupter canisters. NaCl should be added to super saturate the interstitial 
pore waters and prevent post sampling bacterial activity.  
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8.4.2 Sediment gas extraction 
The conventional headspace and newly developed disrupter sediment gas 
extraction, when handled properly and measured using partitioning 
calculations, will provide gas compositions and isotopic ratios similar to the 
charge gas based on the laboratory experiments. The tin compression lid 
storage system is more prone to leakage issues than the plastic screw cap 
disrupter system and thus should be used with caution.  
The ball mill and adsorbed sediment gas extraction methods provide gas 
compositions with a systematic shift in wet gas components relative to the 
charge gas standard and thus should not be used. The microdesorption 
sediment gas extraction method provides gas compositions similar but with 
significant variability  
8.4.3 Sediment gasoline range extraction 
HSPME in conjunction with the disrupter gas sampling system and 50/30 
µm DVB/CAR/PDMS can be used to obtain a representative sample of the 
gasoline plus range of hydrocarbons (C7 to C12). A water bath is 
recommended to keep a stable laboratory temperature as is NaCl saturated 
solution to assist in partitioning the more water soluble components 
(aromatics) into the vapour phase. Twenty (20) minutes is the recommended 
time for  SPME fiber equilibrium with the headspace vapours.  
8.4.4 Interpretation methods 
The sediment gases are characterized using two analytical procedures: gas 
chromatography to evaluate gas composition and isotope ratio - gas 
chromatography mass spectrometry to evaluate stable carbon and hydrogen 
isotopes. The key measurements derived from the analytical procedures 
above include gas composition (C1 to C5 and non-hydrocarbon components 
such as CO2, O2, and N2), compound specific carbon isotopic ratios (δ13Cn), 
and hydrogen isotopic ratios (δDCH4). The relative amounts of methane (C1), 
ethane (C2), propane (C3), butane (C4), and pentane (C5) and isotopic 
separation of between these components provides clues as to the gas origin, 
mixing, and potential alterations.  
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There are many charts currently available to evaluate hydrocarbon gases. 
Unfortunately most of these charts have been designed for reservoir gases 
and may not be suitable for sediment extracted gases. The Bernard (1978), 
Schoell (1983), and Whiticar (1999) charts provide good guidelines but much 
caution and careful screening must be undertaken to properly identify the 
thermogenic migrated gases. A total hydrocarbon gas histogram or 
cumulative frequency plot; and total hydrocarbon gas concentration versus 
wet gas fraction can be used to properly identify the background and 
anomalous populations as well as compositional fractionation. The 
background sediment gases are normally fractionated and/or altered and 
thus can not be used to evaluate migrated gases.  
The gasoline range plus hydrocarbons have rarely been sampled in surface 
geochemical surveys. The HSPME method collects the full range of 
hydrocarbons but secondary alterations from bacterial alteration and water 
washing appear to greatly alter the original composition. The gasoline range 
disrupter HSPME data can be used to identify the presence of migrated 
thermogenic fluids but more work needs to be undertaken to better 
understand how best to use the molecular data for organic matter type and 
level of organic maturity evaluation as well as fluid-source and oil-oil 
correlation.     
8.5 Further research  
This PhD research has addressed the primary questions stated in the Chapter 
1 but has introduced new questions requiring further study. These additional 
questions include: 
• Would the above results differ if one used naturally charged sediments 
from leaky petroleum reservoirs? Note: Several calibration research 
cruises are currently underway to evaluate this question and will be 
included in future publications. 
• What are bound gases and can they be used to identify migrated 
thermogenic hydrocarbons and subsurface petroleum generation and 
entrapment? Note: Further work will be undertaken with Drs. Michael 
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Whiticar at the University of Victoria and Bernard Cramer at the BGR 
to address this question. 
• Would the disrupter gas extraction method provide better gas 
extraction than the conventional can headspace in more consolidated 
and/or stiffer clay sediments which would require greater agitation to 
break up?  
• Would compound specific isotopic analysis on the ethane, propane, 
and normal butane provide greater information to identify 
thermogenic migrated gases in mixtures with in-situ derived gases ? 
• How does preferential sorption with different sediment materials affect 
the compound distribution within the gasoline plus of hydrocarbons. 
  8.6 Summary and key conclusions 
Surface geochemistry has been used by the petroleum industry for more 
than 80 years to explore for subsurface petroleum deposits. The surface 
geochemistry analytical methods currently used by industry have not been 
rigorously tested to determine how well they extract and characterize 
migrated hydrocarbons. My primary goal in this PhD research effort is to test 
the gas extraction methods currently used by industry and develop new 
procedures to remove the sediment gases as well as examine how best to 
remove and characterize the gasoline range hydrocarbons. 
The global surface geochemical survey database demonstrated multiple 
analytical procedures are available to remove the interstitial and bound gases 
from marine sediments. The database also demonstrated the analytical 
procedures currently used by industry in surface geochemistry surveys 
provide variable results. In addition, the near-surface sediment gases rarely 
match the subsurface gas molecular composition or compound specific 
isotopic ratio. The contract laboratories have not provided industry with 
published calibration tests to confirm the claims their method best 
characterizes migrated thermogenic hydrocarbons. The global surface 
geochemical survey database also demonstrated the importance of 
distinguishing background versus anomalous populations and sediment 
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variability effect on gas compositions.  Other factors which potentially affect 
the surface gas molecular composition and compound specific isotopic ratios 
include fractionation related to sample collection, mixing with in-situ derived 
bacterial gases, secondary alteration related to near-surface activities, and 
migration fractionation.    
To test the current surface geochemical analytical procedures, laboratory 
experiments were conducted using processed marine sediments 
(hydrocarbons removed, bacterial activity stopped, and homogenized) 
charged with standard hydrocarbon gases at varying concentration levels as 
well as background test samples with no charge.  
Three interstitial sediment gas methods were examined, two canned 
headspace with different preparation and laboratory procedures; and a new 
extraction method with fixed internal blades named the disrupter. One of the 
headspace methods and the new disrupter gas extraction method provided 
gas compositions and isotopic ratios very similar to the charge gases. One of 
the headspace can methods provided highly variable gas compositions due to 
can leakage and preparation procedures. In general, the interstitial 
hydrocarbon gases when properly collected and analyzed, can provide critical 
information on the presence of mature source rock at depth.  
The acid extraction (Horvitz adsorbed method), microdesorption 
(University of Victoria), and ball mill (occluded) bound sediment gas 
extraction methods all provided gas compositions and isotopic ratios 
significantly different than the charge gases. The extracted bound gases 
contain elevated wet gas (C2 to C5) relative to the charge gases. These results 
are similar to what was noted in the global surface geochemistry database. In 
addition, the laboratory results indicate we do not fully understand sediment 
bound gas process. Thus the bound gases may not properly reflect the 
composition or isotopic ratios of the migrated hydrocarbons.  
The gasoline range plus hydrocarbons are rarely examined in surface 
geochemical studies due to the great difficulty in extracting this boiling point 
range of hydrocarbons. The HSPME method, in conjunction with the 
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disrupter chamber, has been shown from laboratory evaluation to accurately 
remove and reflect gasoline range hydrocarbons in marine sediments. 
Choosing the most efficient fiber, optimal boundary conditions, and 
limitations is critical. Early field testing has shown the gasoline range 
hydrocarbons are heavily bacterially altered in most near-surface marine. 
Despite these issues, the gasoline range plus hydrocarbons have great 
potential in determining the source and maturity of the migrated 
hydrocarbons in near-surface marine sediments.  
Long term charge experiments using a gas flux chamber confirmed the 
observations made from the global surface geochemical survey database and 
short term sediment gas charge experiments. The speed at which the gases 
migrated within the gas flux chamber sedimentary column indicates the 
migration is not by diffusion but most likely a microfracture enhanced Darcy 
flow.    
In summary the near-surface sediment gases and gasoline range 
hydrocarbons, when properly collected and extracted, can be used as 
indicators of subsurface generation and entrapment as shown in the 
observation with the global surface geochemical database and laboratory 
experiments.    
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Appendix 1: Selected offshore Gulf of Mexico global surface geochemical 
survey database spreadsheets.  
 
Methane Ethene Ethane Propene Propane I-Butane n-Butane I-Pentane n-Pentane WGF
9.5 0.5 0.2 0.2 0.1 0.1 0.2 0.3 0.1 0.1
13.1 0.3 0.2 0.2 0.1 0.0 0.2 0.2 0.0 0.1
22.3 0.3 0.3 0.3 0.2 0.0 0.0 0.3 0.1 0.1
8.2 0.4 0.2 0.4 0.0 0.0 0.1 0.2 0.0 0.1
11.3 0.3 0.2 0.2 0.1 0.0 0.3 0.2 0.0 0.1
15.5 0.2 0.2 0.2 0.1 0.0 0.1 0.2 0.2 0.1
13.4 0.2 0.1 0.2 0.0 0.0 0.1 0.3 0.0 0.1
21.6 0.2 0.1 0.2 0.0 0.0 0.1 0.3 0.0 0.0
26.8 0.5 0.2 0.1 0.1 0.0 0.1 0.2 0.0 0.0
8.7 0.2 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.1
15.7 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.0
25.9 0.3 0.2 0.3 0.1 0.0 0.1 0.1 0.0 0.0
12.1 0.7 0.5 0.3 0.3 0.5 0.6 1.2 0.2 0.3
20.2 0.8 0.5 0.3 0.3 0.1 0.1 0.6 0.1 0.1
22.7 0.4 0.3 0.5 0.1 0.1 0.2 0.3 0.1 0.1
7.2 0.4 0.2 0.3 0.0 0.0 0.2 0.2 0.0 0.2
19.9 1.6 0.8 1.3 0.1 0.0 0.5 0.4 0.0 0.2
10.4 0.3 0.1 0.3 0.1 0.0 0.1 0.1 0.0 0.1
11.0 0.4 0.3 0.2 0.2 0.1 0.1 0.2 0.0 0.1
11.6 0.4 0.3 0.2 0.2 0.1 0.1 0.2 0.0 0.1
10.8 0.5 0.3 0.2 0.2 0.1 0.1 0.2 0.0 0.1
89885.0 0.3 4182.0 0.0 179.5 0.1 1231.5 51.3 1725.1 0.1
59372.0 0.3 4365.8 0.0 2711.6 2410.0 1516.3 3447.1 1644.8 0.2
50437.0 0.2 2911.8 0.0 2276.9 2047.8 1438.8 2011.3 838.2 0.2
64763.0 0.6 1057.9 0.6 7.5 670.1 17.8 153.7 243.5 0.0
68071.0 0.3 904.3 0.2 3.4 447.7 2.6 92.3 195.4 0.0
81550.0 0.3 1549.5 0.2 4.7 630.4 2.7 66.7 133.8 0.0
52749.0 0.4 538.2 0.0 984.8 1937.8 275.1 27.4 481.6 0.1
58208.0 0.4 1704.3 0.2 109.2 1456.9 13.5 7.4 49.2 0.1
68464.0 0.3 2470.4 0.0 425.9 2466.9 70.4 27.8 399.7 0.1
197204.0 0.1 153.5 0.0 50.5 12.9 4.7 1.2 8.0 0.0
95961.0 0.1 90.4 0.0 40.5 6.5 1.8 1.7 4.7 0.0
90198.0 0.1 88.7 0.0 132.2 28.8 9.0 1.9 15.4 0.0
110253.0 0.1 13.9 0.0 4.7 0.3 1.5 0.4 0.6 0.0
57865.0 0.2 9.6 0.0 4.6 0.3 1.4 0.4 0.6 0.0
58731.0 0.2 13.1 0.0 4.7 0.3 1.5 0.4 0.7 0.0
254.8 0.0 5.7 0.1 0.2 0.0 0.1 0.2 0.0 0.0
267.3 0.1 6.3 0.0 0.2 0.0 0.0 0.1 0.0 0.0
161.2 0.1 2.7 0.1 0.1 0.1 0.1 0.1 0.0 0.0
6.6 0.6 0.2 0.4 0.1 0.0 0.2 0.3 0.0 0.2
8.0 0.3 0.2 0.3 0.0 0.0 0.1 0.1 0.0 0.1
7.4 0.2 0.1 0.2 0.0 0.0 0.1 0.0 0.0 0.1
2.6 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.2
4.6 0.3 0.1 0.2 0.1 0.0 0.2 0.1 0.0 0.2
8.4 0.3 0.1 0.2 0.1 0.0 0.1 0.2 0.0 0.1
4.3 0.2 0.1 0.2 0.0 0.0 0.1 0.1 0.1 0.2
6.3 0.5 0.2 0.4 0.1 0.0 0.2 0.1 0.0 0.2
6.0 0.2 0.3 0.2 0.0 0.0 0.1 0.1 0.0 0.1
2.5 0.1 0.1 0.1 0.0 0.0 0.2 0.2 0.0 0.2
5.7 0.2 0.2 0.1 0.1 0.1 0.1 0.3 0.0 0.2
6.9 0.2 0.2 0.2 0.0 0.1 0.1 0.2 0.0 0.1
10.9 0.7 0.3 0.3 0.0 0.4 0.3 0.7 0.5 0.2
9.4 0.2 0.2 0.2 0.0 0.0 0.5 0.1 0.2 0.1
18.8 0.3 0.3 0.2 0.0 0.0 0.2 0.3 0.4 0.1
2524.7 0.3 20.4 0.2 0.6 0.1 0.1 0.2 0.2 0.0
83197.0 0.1 18.2 0.1 1.0 0.3 0.5 0.5 0.4 0.0
48612.0 0.1 13.5 0.1 1.0 0.2 0.4 0.8 0.3 0.0
433.3 0.4 23.4 0.2 0.4 0.0 0.7 0.4 0.1 0.1
14054.0 0.3 117.6 0.2 18.5 0.8 1.5 15.5 0.7 0.0
83599.0 0.1 130.4 0.2 14.3 2.8 1.4 84.9 0.4 0.0
70734.0 0.4 216.5 0.2 33.4 33.2 4.4 72.9 9.2 0.0
82213.0 0.6 228.9 0.3 39.6 41.5 5.6 115.6 8.3 0.0
48853.0 0.5 143.7 0.1 57.0 44.9 3.8 60.9 5.3 0.0
1016.3 0.2 24.7 0.1 1.4 0.7 1.0 1.4 1.7 0.0
34605.0 0.2 141.6 0.2 9.6 1.9 7.1 4.3 3.9 0.0
60566.0 0.1 685.6 0.3 62.1 22.6 5.6 374.8 3.7 0.0
15.9 0.5 0.4 0.2 0.1 0.0 0.4 0.2 0.0 0.1
18.0 0.8 0.5 0.8 0.2 0.3 0.5 1.7 0.0 0.2
24.8 1.0 0.4 0.3 0.2 0.1 0.4 0.8 0.1 0.1
32.7 1.0 0.6 0.6 0.3 0.1 0.3 0.4 0.1 0.1
40.3 1.3 0.7 0.6 0.4 0.0 0.2 0.3 0.1 0.1
17.1 0.6 0.3 0.3 0.2 0.0 0.2 0.2 0.1 0.1
3272.6 0.3 110.4 0.1 4.7 262.2 12.8 6345.4 42.2 0.7
44638.0 0.2 2863.2 0.1 9.8 838.0 137.2 4298.8 90.7 0.2
35989.0 0.3 5304.4 0.1 448.1 1716.5 222.3 2434.3 53.5 0.2
98896.0 0.2 49.7 0.1 30.2 16.3 1.2 4.5 1.8 0.0
70680.0 0.2 47.9 0.2 37.5 23.4 1.4 4.5 2.6 0.0
44306.0 0.3 38.8 0.0 30.9 23.9 1.2 4.1 2.2 0.0
84404.0 0.2 4.9 0.0 1.4 0.1 0.4 0.1 0.1 0.0
73576.0 0.3 5.9 0.1 1.9 0.1 0.5 0.2 0.1 0.0
114136.0 0.1 6.2 0.0 1.5 0.0 0.3 0.1 0.1 0.0
3120.2 0.3 38.9 0.1 3.3 0.0 0.1 0.1 0.0 0.0
27149.0 0.1 116.7 0.1 5.2 0.9 0.3 0.1 0.0 0.0
128868.0 0.2 175.0 0.3 28.6 13.9 1.7 3.2 0.9 0.0
609826.0 0.2 216.5 0.4 13.8 1.8 2.2 0.2 0.1 0.0
297539.0 0.1 134.2 0.1 12.0 1.4 1.8 0.2 0.4 0.0
642310.0 0.1 251.2 0.1 10.1 0.8 1.5 0.3 0.3 0.0
35512.0 0.5 83.4 0.3 12.1 72.9 3.7 0.4 60.5 0.0
47243.0 0.5 66.8 0.2 3.7 23.2 1.6 0.8 22.1 0.0
193306.0 0.1 275.1 0.1 42.2 232.3 10.2 4.5 151.4 0.0
12.7 0.5 0.2 0.2 0.1 0.0 0.2 0.4 0.0 0.1
8.3 0.2 0.1 0.2 0.0 0.0 0.7 0.3 0.0 0.2
10.3 0.4 0.2 0.4 0.1 0.1 0.2 0.3 0.0 0.1
2.1 0.2 0.1 0.2 0.0 0.1 0.1 0.2 0.0 0.3
3.4 0.3 0.1 0.2 0.1 0.2 0.1 0.2 0.0 0.3
4.2 0.2 0.2 0.2 0.1 0.0 0.1 0.3 0.0 0.2
2.2 0.4 0.1 0.2 0.0 0.0 0.1 0.3 0.0 0.4
3.6 0.6 0.2 0.4 0.1 0.0 0.2 0.6 0.0 0.4
2.7 0.3 0.2 0.2 0.0 0.1 0.2 0.5 0.0 0.4  
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4.5 0.5 0.2 0.4 0.0 0.0 0.2 0.3 0.0 0.3
4.4 0.2 0.2 0.2 0.0 0.0 0.1 0.3 0.0 0.2
7.3 0.3 0.2 0.3 0.0 0.0 0.1 0.6 0.0 0.2
2.7 0.3 0.1 0.2 0.0 0.0 0.1 0.5 0.0 0.3
3.1 0.2 0.1 0.1 0.0 0.0 0.1 0.4 0.0 0.2
6.3 0.2 0.7 0.3 0.1 0.0 0.1 0.5 0.0 0.2
2.5 0.0 0.2 0.1 0.0 0.1 0.1 0.3 0.0 0.2
2.8 0.1 0.1 0.1 0.0 0.0 0.1 0.3 0.0 0.2
3.4 0.2 0.2 0.1 0.1 0.0 0.1 0.3 0.0 0.2
24.0 0.2 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.0
52.4 0.3 0.1 0.2 0.1 0.0 0.1 0.2 0.0 0.0
298.3 0.2 1.3 0.2 0.0 0.0 0.1 0.1 0.0 0.0
2.5 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.2
2.5 0.1 0.1 0.1 0.1 0.0 0.1 0.2 0.0 0.2
4.8 0.3 0.1 0.2 0.1 0.1 0.2 0.3 0.0 0.2
3.2 0.3 0.2 0.3 0.0 0.0 0.2 0.2 0.0 0.3
3.2 0.2 0.1 0.2 0.1 0.0 0.1 0.2 0.0 0.2
5.1 0.3 0.2 0.3 0.1 0.0 0.1 0.3 0.0 0.2
10.9 0.5 0.3 0.2 0.2 0.1 0.2 0.5 0.1 0.2
12.5 0.6 0.3 0.3 0.2 0.0 0.2 0.3 0.1 0.1
13.0 0.2 0.2 0.1 0.1 0.0 0.1 0.2 0.1 0.1
144507.0 0.3 13172.0 0.0 1324.3 421.3 207.8 32.8 41.5 0.1
266361.0 0.3 86615.0 0.1 18223.0 7450.5 6584.3 611.3 421.9 0.3
40485.0 0.4 13223.0 0.1 5995.1 6312.2 11899.0 339.4 3245.9 0.5
6.3 0.6 2.1 1.7 0.0 1.9 5.5 0.8 1.8 0.7
6.7 0.5 1.1 0.2 0.8 0.8 2.6 0.3 1.0 0.5
4.1 0.2 0.4 0.1 0.3 0.2 0.7 0.2 0.2 0.3
10.0 0.3 0.3 0.2 0.2 0.1 0.6 0.3 0.2 0.2
11.9 0.1 0.1 0.0 0.1 0.1 0.3 0.2 0.1 0.1
17.7 0.1 0.1 0.1 0.1 0.0 0.2 0.2 0.1 0.0
105783.0 0.3 40461.0 0.1 94756.0 44687.0 80701.0 66154.0 31308.0 0.8
76897.0 0.3 31947.0 0.2 70388.0 34414.0 59842.0 53659.0 24954.0 0.8
117233.0 0.5 51088.0 0.2 104153.0 43317.0 73177.0 60685.0 22974.0 0.8
6.7 0.2 3.5 0.1 11.9 8.8 22.2 31.1 16.7 0.9
3.3 0.2 0.6 0.1 2.0 1.4 3.9 5.9 3.5 0.8
3.5 0.1 0.3 1.3 0.0 0.7 2.2 3.5 2.2 0.7
4.3 0.2 0.3 1.4 0.0 0.9 2.8 4.4 2.9 0.8
3.4 0.2 0.2 0.9 0.0 0.5 1.6 2.4 1.5 0.7
5.5 0.2 0.3 1.1 0.0 0.6 2.1 3.0 1.9 0.6
76.1 0.4 0.7 1.5 0.1 0.9 2.7 4.0 2.8 0.1
158.3 0.2 1.4 0.6 0.0 0.3 1.0 1.3 0.8 0.0
1013.8 0.1 3.3 0.1 0.3 0.3 0.7 0.2 0.6 0.0
188670.0 0.2 497.0 0.2 27.8 7.8 5.3 286.4 2.1 0.0
180799.0 0.1 569.5 0.3 32.4 38.5 9.0 265.3 4.5 0.0
687447.0 0.1 5041.0 0.2 792.8 365.3 555.0 74.3 98.0 0.0
46023.0 0.3 240.7 0.2 35.3 15.4 2.2 9.7 1.1 0.0
29935.0 0.3 141.8 0.1 9.1 5.3 1.1 46.1 0.5 0.0
18708.0 0.3 90.4 0.2 6.3 4.0 0.7 39.8 1.0 0.0
86994.0 0.3 380.0 0.2 20.9 7.0 1.7 101.2 0.4 0.0
65022.0 0.2 337.1 0.2 19.2 8.6 2.1 134.1 0.8 0.0
221460.0 0.2 401.5 0.2 99.1 72.1 8.7 222.7 10.8 0.0
78606.0 0.1 1420.7 0.0 1378.3 2525.1 1466.6 5376.5 600.8 0.1
65020.0 0.2 1473.3 0.1 1603.1 2881.8 1894.7 6530.4 648.2 0.2
68540.0 0.2 1543.7 0.1 1562.4 2633.3 2040.4 6027.6 1116.5 0.2
99801.0 0.4 476.1 0.1 40.9 465.0 6.6 7.5 401.1 0.0
90353.0 0.8 447.3 0.5 57.8 816.0 11.1 15.4 1975.4 0.0
69436.0 0.2 304.5 0.3 56.7 228.9 7.8 4.7 239.9 0.0
82572.0 0.2 55.9 0.0 166.6 347.5 98.5 11.1 430.8 0.0
84855.0 0.2 70.9 0.0 156.2 280.3 104.9 8.3 309.8 0.0
91578.0 1.7 92.6 0.1 300.0 552.3 219.1 15.2 478.8 0.0
31694.0 0.2 67.6 0.1 1.0 0.6 0.3 0.2 0.5 0.0
137386.0 0.5 295.5 0.3 8.7 5.9 2.5 9.5 1.4 0.0
65313.0 0.3 239.4 0.3 38.3 36.5 5.2 1.0 9.9 0.0
8.3 0.6 0.3 0.3 0.1 0.0 0.6 0.5 0.1 0.2
6.0 0.3 0.1 0.1 0.1 0.0 0.2 0.1 0.1 0.1
8.9 0.3 0.2 0.1 0.1 0.0 0.2 0.3 0.1 0.1
4.8 0.4 0.3 0.2 0.1 0.0 0.4 0.3 0.0 0.3
3.6 0.4 0.2 0.2 0.1 0.0 0.2 0.2 0.0 0.3
3.5 0.1 0.1 0.1 0.1 0.0 0.2 0.2 0.0 0.2
3.6 0.3 0.5 0.8 0.0 1.0 1.4 1.6 2.7 0.7
2.6 0.2 0.3 0.7 0.0 0.8 1.5 0.3 0.6 0.6
5.8 0.4 1.1 2.3 0.0 2.4 4.1 0.7 1.0 0.7
7.8 0.5 0.3 0.3 0.1 0.0 0.6 0.4 0.1 0.2
8.0 0.6 0.3 0.3 0.1 0.0 0.3 0.3 0.1 0.2
7.7 0.4 0.2 0.1 0.1 0.0 0.4 0.3 0.1 0.2
28560.0 0.7 2759.4 0.1 705.3 2175.4 339.4 3583.4 110.4 0.3
84317.0 0.3 5786.9 0.2 480.1 5571.0 334.0 10399.0 251.0 0.2
65694.0 0.4 5828.6 0.2 594.6 8665.5 573.3 17609.0 384.7 0.3
147968.0 0.0 130.3 0.1 1.1 0.2 0.4 0.3 0.1 0.0
202082.0 0.1 130.7 0.1 0.9 0.2 0.4 0.4 0.1 0.0
411138.0 0.1 175.0 0.1 1.4 0.4 0.4 0.8 0.3 0.0
99480.0 0.4 201.1 0.1 26.6 2.1 2.2 2.5 1.1 0.0
99033.0 0.8 237.0 0.2 39.3 3.0 3.2 3.1 1.4 0.0
113411.0 0.6 292.1 0.1 49.3 3.5 3.8 3.0 1.6 0.0
12.7 0.1 0.1 0.1 0.0 0.1 0.2 0.2 0.2 0.1
15.2 0.2 0.1 0.1 0.1 0.1 0.2 0.3 0.2 0.1
16.7 0.1 0.1 0.1 0.1 0.1 0.2 0.3 0.1 0.1
3.3 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.1 0.1
5.2 0.2 0.1 0.0 0.1 0.1 0.2 0.3 0.1 0.2
3.9 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1
5.4 0.5 0.2 0.3 0.2 0.2 0.2 0.4 0.1 0.3
9.4 0.5 0.2 0.2 0.2 0.1 0.1 0.3 0.1 0.1
25.9 0.5 0.5 0.3 0.3 0.1 0.2 0.3 0.1 0.1
121.8 0.2 1.7 0.1 0.1 0.1 0.1 0.2 0.1 0.0
241.7 0.1 6.5 0.1 0.3 0.2 0.1 0.1 0.1 0.0
826.0 0.1 25.5 0.0 1.7 0.9 0.1 0.1 0.0 0.0
291.9 0.1 0.4 0.0 0.6 0.0 0.0 0.1 0.0 0.0
5604.4 0.2 37.2 0.1 2.8 0.1 0.1 0.2 0.1 0.0
19004.0 0.2 113.7 0.1 4.4 0.2 0.2 0.2 0.1 0.0
2.9 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.1  
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3.2 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.2
2.9 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.1 0.2
13.4 0.5 0.8 0.3 0.6 0.2 0.1 0.5 0.1 0.2
35.9 0.2 0.2 0.1 0.2 0.1 0.1 0.5 0.1 0.0
34.7 0.5 0.6 0.2 0.6 0.1 0.2 0.4 0.1 0.1
1.8 0.2 0.1 0.1 0.1 0.0 0.0 0.3 0.0 0.3
2.8 0.3 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.2
5.1 0.2 0.1 0.1 0.1 0.0 0.1 0.4 0.0 0.2
3.0 0.3 0.1 0.1 0.1 0.1 0.0 0.2 0.1 0.3
4.8 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.2
8.3 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
21.9 0.0 0.1 0.0 0.0 0.0 0.2 0.1 0.0 0.0
147.8 0.1 1.2 0.0 0.1 0.0 0.0 0.1 0.0 0.0
898.2 0.1 4.3 0.1 0.4 0.1 0.1 0.0 0.0 0.0
75.2 0.3 0.3 0.1 0.1 0.0 0.1 0.2 0.0 0.0
130.0 0.5 8.7 0.2 0.2 0.0 0.1 0.5 0.0 0.1
2508.0 0.4 68.4 0.1 2.1 0.1 0.2 0.1 0.1 0.0
4.6 0.3 0.1 0.1 0.1 0.0 0.0 0.3 0.0 0.2
17.2 0.5 0.2 0.2 0.1 0.0 0.2 0.5 0.0 0.1
32.9 0.2 0.3 0.1 0.1 0.0 0.0 0.2 0.0 0.0
26.8 1.2 0.6 0.0 0.5 0.0 0.4 2.5 0.0 0.2
25.5 0.7 0.3 0.4 0.1 0.0 0.6 1.2 0.0 0.1
14.3 0.5 0.2 0.2 0.1 0.0 0.2 0.3 0.0 0.1
186402.0 0.2 3097.3 0.2 983.9 606.3 945.6 236.7 687.3 0.0
66525.0 0.3 1603.2 0.2 551.2 357.1 274.5 60.6 535.2 0.0
2540029.0 0.7 28825.0 0.1 4539.5 2313.9 1065.8 107.2 1420.9 0.0
82128.0 0.2 1954.2 0.2 625.5 65.9 10.0 17.0 13.3 0.0
87192.0 0.1 1561.9 0.1 787.1 1008.6 70.8 23.1 2797.8 0.1
95257.0 0.3 1542.1 0.4 2247.5 1328.5 221.2 20.7 1878.2 0.1
3922.6 0.2 39.0 0.1 2.0 0.2 0.2 0.3 0.5 0.0
126891.0 0.2 142.9 0.1 5.7 0.3 0.5 0.2 0.6 0.0
168333.0 0.2 209.7 0.1 10.4 0.5 0.8 0.2 0.5 0.0
1001.6 0.2 30.9 0.1 2.5 0.2 0.4 0.3 2.1 0.0
118992.0 0.2 450.1 0.3 34.2 6.7 3.4 88.0 2.1 0.0
257628.0 0.2 1450.6 0.3 663.3 275.8 367.8 88.4 43.0 0.0
104338.0 0.4 763.0 0.2 44.7 2597.3 66.8 23.1 3343.0 0.1
61332.0 0.1 417.9 0.1 25.6 1546.5 62.9 14.3 2488.2 0.1
54303.0 0.1 449.4 0.1 28.2 1737.3 43.6 17.6 2749.4 0.1
4.0 0.2 0.1 0.1 0.1 0.0 0.1 0.4 0.0 0.2
6.4 0.3 0.2 0.2 0.1 0.0 0.2 0.3 0.1 0.2
7.9 0.4 0.2 0.2 0.1 0.0 0.3 0.4 0.1 0.2
12.1 0.9 0.5 0.8 0.0 0.1 0.5 0.2 0.2 0.2
10.2 0.5 0.3 0.4 0.0 0.0 0.4 0.2 0.1 0.2
10.4 0.4 0.2 0.3 0.1 0.0 0.3 0.2 0.1 0.1
8.4 0.5 0.3 0.5 0.1 0.0 0.4 0.2 0.1 0.2
9.9 0.5 0.2 0.4 0.0 0.0 0.4 0.2 0.1 0.2
12.4 0.4 0.2 0.3 0.1 0.0 0.3 0.2 0.1 0.1
5.7 0.3 0.2 0.3 0.0 0.0 0.4 0.2 0.1 0.2
9.3 0.4 0.2 0.3 0.0 0.0 0.3 0.2 0.1 0.1
12.0 0.3 0.2 0.3 0.1 0.0 0.3 0.2 0.1 0.1
998.0 0.2 12.9 0.3 0.0 0.4 0.0 0.2 0.0 0.0
78762.0 0.2 190.2 0.1 4.4 1.8 0.5 188.2 0.1 0.0
29851.0 0.5 62.7 0.1 1.9 0.8 0.2 299.2 0.0 0.0
67761.0 0.1 12.6 0.1 1.3 0.0 0.3 3.1 0.0 0.0
31044.0 0.5 4.9 0.4 0.8 0.1 0.2 2.7 0.0 0.0
278017.0 0.4 62.4 0.7 0.4 0.0 0.3 0.4 0.1 0.0
13.3 0.3 0.1 0.1 0.1 0.0 0.2 0.2 0.0 0.1
10.2 0.3 0.1 0.1 0.1 0.0 0.3 0.2 0.0 0.1
17.8 0.3 0.1 0.2 0.1 0.0 0.2 0.2 0.0 0.1
41.1 0.2 0.1 0.1 0.1 0.0 0.6 0.2 0.0 0.0
270.2 0.7 1.0 0.4 0.2 0.0 0.2 0.2 0.0 0.0
100906.0 0.2 2.0 0.1 0.9 0.4 0.3 0.1 0.3 0.0
14.7 0.4 0.1 0.2 0.1 0.0 0.5 0.2 0.0 0.1
17.9 0.5 0.2 0.2 0.1 0.0 0.4 0.3 0.0 0.1
4.5 0.3 0.1 0.1 0.1 0.0 0.2 0.2 0.0 0.2
35.6 1.0 0.3 0.5 0.1 0.0 1.1 0.2 0.0 0.1
11.0 0.7 0.3 0.3 0.1 0.1 0.4 0.2 0.0 0.2
9.1 0.9 0.3 0.4 0.1 0.0 2.2 0.2 0.0 0.3
53.5 1.4 0.5 0.7 0.3 0.0 1.5 0.2 0.0 0.1
32.9 0.6 0.3 0.3 0.1 0.0 0.8 0.1 0.0 0.1
11.3 0.9 0.3 0.4 0.1 0.0 0.8 0.3 0.0 0.2
40.6 0.8 0.2 0.4 0.1 0.0 0.9 0.3 0.0 0.1
25.8 1.3 0.6 0.7 0.2 0.0 1.7 0.6 0.0 0.2
15.3 1.6 0.6 1.0 0.3 0.0 1.0 0.4 0.1 0.2
7.9 0.7 0.4 0.4 0.2 0.0 0.8 0.2 0.1 0.3
7.5 0.7 0.5 0.4 0.2 0.0 0.5 0.1 0.0 0.2
9.4 0.4 0.6 0.2 0.1 0.0 0.2 0.2 0.0 0.1
11.4 0.6 0.3 0.4 0.1 0.1 0.3 0.4 0.1 0.2
8.8 0.4 0.2 0.4 0.1 0.0 0.3 0.3 0.1 0.2
6.7 0.3 0.1 0.3 0.1 0.0 0.1 0.2 0.0 0.2
1315.9 0.1 34.9 0.2 1.1 0.1 0.1 0.1 0.0 0.0
61818.0 0.2 115.4 0.3 19.0 4.8 2.0 1085.9 0.2 0.0
86242.0 0.2 1499.6 0.1 803.4 463.0 254.7 245.4 51.5 0.0
74.2 0.2 0.6 0.1 0.1 0.0 0.4 0.1 0.0 0.0
156.8 0.1 2.0 0.1 0.1 0.0 0.2 0.2 0.0 0.0
161.1 0.1 3.4 0.1 0.1 0.0 0.1 0.2 0.0 0.0
3.6 0.2 0.1 0.1 0.0 0.0 0.2 0.1 0.0 0.2
7.3 0.7 0.2 0.5 0.0 0.0 0.3 0.1 0.1 0.2
74.2 0.2 0.2 0.2 0.1 0.0 0.1 0.1 0.0 0.0
16.0 0.6 0.2 0.4 0.0 0.0 0.4 0.1 0.1 0.1
29.9 0.8 0.4 0.7 0.0 0.0 0.3 0.1 0.1 0.1
39.0 0.6 0.3 0.5 0.0 0.0 0.3 0.2 0.1 0.0
21.4 0.3 0.3 0.3 0.0 0.0 0.3 0.1 0.0 0.1
37.8 0.4 0.4 0.5 0.0 0.1 0.2 0.1 0.1 0.0
23.4 0.3 0.1 0.2 0.0 0.0 0.2 0.1 0.0 0.0
19.4 0.0 0.4 0.2 0.1 0.1 0.0 0.9 11.7 0.4
25.5 0.3 0.1 0.1 0.1 0.1 0.0 0.1 0.3 0.0
6562.2 0.3 1.1 0.1 0.6 0.1 0.1 0.2 0.2 0.0
6.5 0.4 0.1 0.0 0.1 0.0 0.1 0.2 0.1 0.1
8.6 0.2 0.1 0.1 0.1 0.0 0.1 0.2 0.1 0.1  
 311
14.8 0.3 0.1 0.1 0.1 0.0 0.2 0.3 0.1 0.1
2.4 0.2 0.1 0.1 0.1 0.0 0.1 0.2 0.1 0.3
4.5 0.5 0.1 0.0 0.1 0.0 0.1 0.4 0.1 0.2
5.9 0.3 0.1 0.0 0.1 0.0 0.1 0.4 0.0 0.1
4.4 0.0 0.5 0.0 0.2 0.0 0.2 0.4 0.1 0.2
6.4 0.0 0.3 0.0 0.2 0.0 0.1 0.4 0.0 0.1
6.7 0.4 0.1 0.1 0.1 0.0 0.1 0.4 0.0 0.2
5.1 0.3 0.1 0.0 0.1 0.0 0.2 0.4 0.0 0.2
7.3 0.3 0.1 0.0 0.1 0.0 0.1 0.3 0.0 0.1
7.5 0.3 0.1 0.0 0.1 0.0 0.1 0.3 0.0 0.1
23.8 0.4 0.1 0.0 0.2 0.0 0.1 0.2 0.0 0.0
20.6 0.3 0.1 0.1 0.1 0.0 0.1 0.2 0.0 0.0
14.6 0.0 0.2 0.1 0.1 0.0 0.0 0.1 0.0 0.0
9.1 0.5 0.1 0.2 0.1 0.0 0.4 0.2 0.0 0.1
14.4 1.2 0.5 0.6 0.2 0.0 0.5 0.5 0.0 0.2
12.7 0.5 0.2 0.2 0.1 0.0 0.3 0.5 0.0 0.1
411.2 0.3 6.1 0.5 0.2 0.0 0.2 0.5 0.0 0.0
139382.0 0.3 22.3 1.2 0.3 0.2 0.2 0.3 0.1 0.0
127892.0 0.4 28.1 0.1 5.5 1.7 1.8 0.3 0.8 0.0
53785.0 0.4 1538.8 0.2 70.4 1218.4 34.5 90.1 17394.0 0.3
98967.0 0.5 3286.4 0.2 114.5 1766.4 87.9 92.3 33298.0 0.3
70679.0 0.5 4353.5 0.5 573.0 2166.7 21309.0 61879.0 16494.0 0.6
10.0 0.0 0.6 0.2 0.2 0.2 2.9 8.0 11.5 0.7
10.8 0.0 0.3 0.0 0.1 0.1 0.9 0.5 4.8 0.4
29715.0 0.4 8.6 0.2 0.3 0.1 0.5 0.4 2.3 0.0
46.3 0.6 0.2 0.3 0.1 0.0 0.2 0.3 1.1 0.1
1410.6 0.2 187.2 0.1 0.7 4.0 0.3 0.8 1.1 0.1
60293.0 0.2 3213.0 0.1 63.0 53.1 47.6 1.6 27.1 0.1
46047.0 0.6 309.4 0.1 65.0 27.4 191.1 109.7 47.8 0.0
79737.0 0.2 320.5 0.2 18.2 6.8 10.9 7.2 3.3 0.0
8.6 0.0 0.3 0.2 0.2 0.0 0.1 0.2 0.4 0.1
10.2 0.4 0.2 0.2 0.2 0.0 0.1 0.3 0.1 0.1
15.8 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.4 0.1
11.7 0.6 0.2 0.4 0.1 0.0 0.1 0.5 0.2 0.2
15.5 0.4 0.2 0.2 0.1 0.0 0.1 0.3 0.1 0.1
31.2 0.4 0.1 0.2 0.1 0.0 0.1 0.3 0.1 0.0
11.2 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.1 0.1
18.6 0.1 0.1 0.1 0.0 0.0 0.0 0.2 0.1 0.0
25.9 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0
6.6 0.3 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
12.0 0.2 0.1 0.1 0.0 0.0 0.0 0.2 0.1 0.0
22.5 0.2 0.2 0.1 0.1 0.0 0.0 0.2 0.1 0.0
1.0 0.1 0.1 0.1 0.0 0.0 0.0 0.2 0.0 0.3
1.7 0.2 0.1 0.1 0.0 0.0 0.0 0.2 0.0 0.3
3.6 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.1
2.2 0.4 0.1 0.2 0.1 0.0 0.0 0.1 0.0 0.3
3.9 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.2
3.8 0.3 0.1 0.1 0.1 0.0 0.0 0.3 0.0 0.2
21.6 0.5 0.2 0.2 0.1 0.0 0.0 0.3 0.0 0.1
31.1 0.3 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.0
42.3 0.3 0.1 0.1 0.1 0.1 0.0 0.3 0.0 0.0
10.5 0.9 0.3 0.2 0.1 0.0 0.1 0.3 0.0 0.1
5.4 0.3 0.1 0.1 0.1 0.0 0.3 0.3 0.0 0.2
5.3 0.2 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.1
9.0 0.8 0.2 0.3 0.1 0.0 0.3 0.2 0.0 0.2
6.0 0.6 0.2 0.3 0.0 0.0 0.3 0.2 0.0 0.2
5.4 0.2 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.1
3.0 0.3 0.1 0.1 0.0 0.0 0.2 0.1 0.0 0.2
5.4 0.5 0.1 0.3 0.0 0.0 0.2 0.1 0.0 0.2
7.8 0.4 0.1 0.2 0.0 0.0 0.3 0.2 0.0 0.1
8.4 0.6 0.3 0.3 0.1 0.0 0.2 0.2 0.0 0.2
13.3 0.6 0.3 0.3 0.1 0.0 0.3 0.1 0.0 0.1
16.9 0.2 0.1 0.1 0.1 0.0 0.2 0.1 0.0 0.0
16.5 0.7 0.3 0.4 0.1 0.1 0.4 0.1 0.0 0.1
34.3 0.4 0.2 0.2 0.1 0.0 0.4 0.1 0.0 0.0
70.1 0.4 0.2 0.2 0.1 0.0 0.4 0.2 0.0 0.0
24.6 0.4 0.2 0.2 0.1 0.0 0.3 0.1 0.0 0.0
1149.7 0.2 3.6 0.1 1.0 0.2 0.2 0.1 0.0 0.0
61759.0 0.1 6.4 0.1 1.0 0.3 0.3 0.1 0.1 0.0
51.5 0.2 100.2 0.4 0.0 0.0 0.3 0.1 0.1 0.7
113.8 0.4 297.7 0.8 0.0 0.0 0.6 0.2 0.0 0.7
135.2 0.2 568.0 1.0 0.0 1.3 0.6 0.2 0.0 0.8
6.9 0.4 0.2 0.3 0.0 0.0 0.4 0.2 0.0 0.2
8.6 0.4 0.2 0.2 0.1 0.0 0.1 0.2 0.0 0.1
7.4 0.4 0.2 0.1 0.0 0.0 0.0 0.2 0.0 0.1
6.3 0.4 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
11.3 0.5 0.2 0.3 0.0 0.0 0.4 0.2 0.0 0.1
10.5 0.3 0.1 0.2 0.0 0.0 0.2 0.1 0.0 0.1
23.0 0.7 0.1 0.3 0.0 0.0 0.2 0.2 0.0 0.1
43.1 0.5 0.4 0.5 0.0 0.0 0.3 0.4 0.0 0.0
218.8 0.4 1.8 0.3 0.0 0.0 0.1 0.2 0.1 0.0
2.9 0.3 0.1 0.1 0.1 0.0 0.0 0.4 0.0 0.2
6.1 0.4 0.2 0.1 0.1 0.6 0.1 1.0 0.2 0.3
7.2 0.3 0.1 0.2 0.1 0.0 0.0 0.4 0.0 0.1
2.7 0.4 0.1 0.2 0.1 0.0 0.0 0.4 0.0 0.3
3.6 0.4 0.1 0.2 0.1 0.0 0.0 0.4 0.0 0.3
4.5 0.3 0.1 0.1 0.1 0.0 0.0 0.4 0.0 0.2
9.2 0.4 0.1 0.1 0.1 0.0 0.0 0.4 0.0 0.1
12.1 0.3 0.1 0.2 0.1 0.0 0.0 0.3 0.0 0.1
23.4 0.4 0.1 0.2 0.1 0.0 0.0 0.3 0.0 0.1
7.1 0.6 0.1 0.3 0.1 0.0 0.0 0.2 0.0 0.2
8.3 0.4 0.1 0.2 0.1 0.0 0.0 0.3 0.0 0.1
8.0 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.0
229.8 0.2 0.1 0.0 0.2 0.0 0.1 0.8 0.1 0.0
712.0 0.2 0.2 0.1 1.0 0.1 0.2 0.3 0.1 0.0
1426.3 0.2 178.5 0.0 6.6 1.4 1.0 0.2 0.4 0.1
8.5 0.1 0.1 0.1 0.0 0.0 0.0 0.5 0.0 0.1
27.6 0.1 0.9 0.1 0.1 0.0 0.0 0.3 0.0 0.1
140.1 0.1 4.1 0.1 0.1 0.0 0.0 0.3 0.1 0.0
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6.3 0.3 0.1 0.1 0.1 0.0 0.0 0.5 0.0 0.2
7.0 0.2 0.1 0.1 0.1 0.0 0.0 0.3 0.0 0.1
10.0 0.2 0.1 0.1 0.1 0.0 0.0 0.3 0.0 0.1
1.3 0.1 0.1 0.1 0.0 0.0 0.0 0.3 0.0 0.3
3.3 0.3 0.1 0.1 0.1 0.0 0.0 0.5 0.0 0.2
3.0 0.1 0.1 0.1 0.0 0.0 0.0 0.3 0.0 0.2
3.7 0.1 0.1 0.1 0.0 0.0 0.0 0.2 0.0 0.1
7.3 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
9.8 0.3 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
5.5 0.2 0.1 0.1 0.1 0.0 0.1 0.3 0.0 0.1
12.6 0.2 0.1 0.1 0.0 0.0 0.0 0.2 0.0 0.1
13.5 0.1 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.0
1.8 0.2 0.1 0.1 0.1 0.1 0.0 0.2 0.1 0.3
3.1 0.3 0.1 0.2 0.1 0.0 0.0 0.2 0.0 0.2
5.0 0.2 0.1 0.4 0.2 0.1 0.3 0.4 0.2 0.3
579.7 0.2 1.1 0.1 0.2 0.1 0.0 0.1 0.0 0.0
5995.5 0.2 23.0 0.0 2.2 23.7 0.5 0.4 1.9 0.0
2068.1 0.1 3.2 0.1 0.8 0.5 0.1 0.1 0.0 0.0
5.3 0.7 0.3 0.3 0.2 0.1 0.2 0.2 0.0 0.3
5.5 0.5 0.2 0.2 0.2 0.0 0.0 0.1 0.0 0.2
4.2 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
2.0 0.3 0.1 0.2 0.1 0.0 0.0 0.1 0.0 0.3
2.7 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.2
4.1 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
7.9 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
16.4 0.3 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.0
35.0 0.2 0.1 0.1 0.1 0.0 0.4 0.1 0.0 0.0
6.0 0.4 0.2 0.2 0.1 0.0 0.1 0.2 0.0 0.2
13.6 0.4 0.2 0.2 0.1 0.0 0.2 0.3 0.0 0.1
12.9 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
11.0 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0
14.9 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0
20.4 0.2 0.1 0.1 0.1 0.0 0.0 0.5 0.0 0.0
15.7 1.7 0.5 0.4 0.7 0.7 0.1 0.1 0.0 0.2
11.3 1.4 0.4 0.3 0.6 0.0 0.3 0.1 0.0 0.2
15.7 1.7 0.4 0.4 0.8 0.6 0.1 0.1 0.0 0.2
80324.0 0.7 15.4 0.4 26.2 1.4 1.2 0.2 0.2 0.0
78094.0 0.5 14.6 0.3 24.9 1.3 1.0 0.2 0.4 0.0
62743.0 0.4 7.3 0.2 5.3 0.2 0.2 0.1 0.1 0.0
13.0 1.0 0.3 0.4 0.1 0.0 0.6 0.2 0.1 0.2
10.8 0.5 0.1 0.2 0.1 0.0 0.5 0.4 0.1 0.1
10.3 0.6 0.2 0.3 0.1 0.1 1.6 0.1 0.1 0.2
44.7 0.6 0.2 0.3 0.1 0.0 0.5 0.2 0.0 0.0
22.0 0.4 0.2 0.2 0.1 0.0 0.5 0.1 0.0 0.1
21.5 0.7 0.3 0.3 0.1 0.0 0.4 0.1 0.0 0.1
11.1 0.5 0.2 0.2 0.1 0.0 0.3 0.3 0.0 0.1
12.7 0.3 0.1 0.2 0.1 0.0 0.3 0.2 0.0 0.1
17.9 0.3 0.1 0.2 0.1 0.0 0.0 0.2 0.0 0.1
115311.0 0.2 42.9 0.1 15.3 2.9 1.9 0.2 1.3 0.0
75034.0 0.4 20.9 0.2 17.9 3.5 2.2 0.2 1.5 0.0
163329.0 0.3 67.6 0.1 20.6 3.8 2.6 0.1 1.7 0.0
13.7 0.8 0.2 0.3 0.1 0.0 0.4 0.2 0.1 0.1
8.7 0.4 0.1 0.2 0.1 0.0 0.5 0.1 0.0 0.1
9.3 0.4 0.2 0.2 0.1 0.0 0.5 0.2 0.0 0.2
128464.0 0.2 24.0 0.1 0.8 0.1 0.2 0.2 0.1 0.0
115322.0 0.3 28.1 0.2 1.6 0.5 0.4 5.8 0.3 0.0
79226.0 0.2 29.4 0.2 2.3 0.6 0.5 8.8 0.4 0.0
824.7 0.2 2.4 0.2 0.1 0.0 0.1 0.1 0.0 0.0
17081.0 0.2 5.3 0.2 0.6 0.0 0.6 0.2 0.0 0.0
63105.0 0.2 3.3 0.1 1.2 0.1 0.4 2.0 0.1 0.0
6.8 0.3 0.2 0.1 0.1 0.1 0.6 0.4 0.0 0.2
10.6 0.5 0.4 0.3 0.2 0.0 0.2 0.4 0.1 0.2
9.4 0.6 0.3 0.2 0.1 0.1 0.2 0.1 0.0 0.1
7.1 0.3 0.2 0.1 0.1 0.0 0.3 0.4 0.0 0.2
9.6 0.5 0.2 0.2 0.1 0.0 0.4 0.4 0.0 0.2
6.7 0.3 0.1 0.1 0.1 0.1 0.2 0.3 0.0 0.2
7.2 0.3 0.1 0.2 0.1 0.0 0.3 0.3 0.0 0.2
13.2 0.7 0.4 0.2 0.1 0.0 0.5 0.4 0.0 0.1
16.1 0.9 0.5 0.2 0.1 0.0 0.7 0.4 0.1 0.1
101.8 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
265.4 0.2 0.4 0.1 0.1 0.0 0.0 0.2 0.0 0.0
2265.2 0.1 3.3 0.2 0.1 0.0 0.0 0.1 0.0 0.0
3.9 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.1
6.8 0.3 0.1 0.2 0.1 0.0 0.0 0.2 0.0 0.1
7.0 0.2 0.0 0.1 0.0 0.0 0.0 0.1 0.0 0.1
6.5 0.4 0.1 0.2 0.1 0.0 0.0 0.2 0.0 0.1
6.0 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
7.7 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0
13.9 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.0
18.2 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0
24.5 0.3 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0
2.3 0.2 0.1 0.1 0.1 0.1 0.0 0.3 0.0 0.3
3.3 0.3 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.2
5.6 0.3 0.1 0.2 0.2 0.0 0.0 0.2 0.0 0.2
4.7 0.2 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.1
7.8 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
7.1 0.2 0.1 0.2 0.0 0.0 0.0 0.1 0.0 0.1
4127.3 0.2 181.9 0.0 1.9 0.0 0.0 0.1 0.0 0.0
24125.0 0.4 1407.4 0.1 43.6 0.5 0.6 0.1 0.2 0.1
81562.0 0.2 2050.5 0.0 42.1 0.6 1.1 0.1 0.4 0.0
53.2 0.5 0.3 0.2 0.1 0.1 0.0 0.2 0.0 0.0
51.4 0.5 0.2 0.4 0.1 0.0 0.0 0.2 0.0 0.0
200.0 0.3 0.5 0.2 0.2 0.0 0.0 0.0 0.0 0.0
9508.1 0.2 695.2 0.1 0.6 5.8 0.1 0.6 0.1 0.1
107248.0 0.3 2082.6 0.0 456.0 180.6 49.0 1.1 0.9 0.0
91829.0 0.5 3370.0 0.1 1243.3 404.7 54.0 0.6 0.7 0.1
14.1 0.8 0.5 0.4 0.3 0.0 0.0 0.6 0.0 0.2
50.5 0.5 0.3 0.2 0.2 0.0 0.0 0.6 0.0 0.0
54664.0 0.5 81.5 0.2 0.2 0.1 0.0 3.8 0.0 0.0
7.9 0.5 0.2 0.1 0.2 0.0 0.1 2.8 0.0 0.3
6.4 0.5 0.2 0.2 0.2 0.0 0.0 0.8 0.0 0.2
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7.7 0.3 0.3 0.3 0.1 0.0 0.0 0.4 0.0 0.1
802.4 0.2 25.6 0.1 0.3 0.1 0.3 0.1 0.7 0.0
4057.0 0.2 86.6 0.1 9.4 0.1 0.5 0.2 0.1 0.0
2716069.0 0.2 10122.0 0.1 921.8 406.5 333.6 226.0 114.0 0.0
217.0 0.4 1.0 0.1 0.1 0.0 0.1 1.1 0.0 0.0
12.5 0.8 0.3 0.3 0.0 0.0 0.4 0.6 0.1 0.2
9.9 0.2 0.1 0.2 0.1 0.0 0.0 0.2 0.0 0.1
33.1 0.2 0.2 0.1 0.1 0.0 0.1 0.1 0.0 0.0
77.4 0.1 0.6 0.1 0.1 0.0 0.1 0.2 0.0 0.0
388.1 0.2 10.4 0.4 0.1 0.0 0.1 0.2 0.0 0.0
7.3 0.9 0.5 0.5 0.2 0.0 0.6 0.3 0.0 0.3
7.0 0.7 0.4 0.3 0.2 0.0 0.4 0.3 0.1 0.3
7.3 0.5 0.3 0.3 0.0 0.0 0.3 0.3 0.3 0.2
6.7 1.0 0.5 0.5 0.3 0.0 0.5 0.2 0.1 0.3
7.4 0.5 0.3 0.3 0.0 0.0 0.3 0.2 0.1 0.2
9.0 0.8 0.5 0.6 0.0 0.0 0.4 0.2 0.1 0.2
357239.0 0.1 144.8 0.0 17.7 0.1 1.0 13.0 1.2 0.0
101126.0 0.2 34.6 0.0 18.7 1.1 1.1 12.7 1.3 0.0
222718.0 0.2 113.4 0.1 13.3 0.1 0.5 0.9 0.2 0.0
40.0 1.4 0.4 0.6 0.2 0.0 0.4 0.6 0.1 0.1
24.7 2.2 1.0 1.3 0.4 0.0 0.1 0.4 0.2 0.2
7.5 0.4 0.1 0.2 0.1 0.0 0.8 0.2 0.0 0.2
8.6 0.1 0.1 0.1 0.0 0.0 0.1 0.1 0.0 0.1
20.0 0.3 0.1 0.3 0.0 0.0 0.1 0.2 0.0 0.1
50.5 0.3 0.1 0.2 0.1 0.0 0.1 0.3 0.0 0.0
5.0 0.4 0.1 0.2 0.1 0.0 0.1 0.4 0.0 0.2
8.1 0.3 0.2 0.2 0.0 0.0 0.1 0.3 0.0 0.1
9.5 0.2 0.1 0.2 0.1 0.0 0.1 0.3 0.0 0.1
6.5 0.2 0.1 0.1 0.0 0.1 0.1 0.2 0.0 0.1
10.4 0.1 0.2 0.1 0.0 0.1 0.1 0.4 0.0 0.1
9.0 0.3 0.1 0.2 0.0 0.0 0.1 0.4 0.0 0.1
3.5 0.2 0.1 0.1 0.0 0.0 0.1 0.3 0.0 0.2
5.8 0.2 0.1 0.1 0.0 0.0 0.1 0.4 0.0 0.1
8.6 0.2 0.1 0.1 0.1 0.0 0.1 0.3 0.0 0.1
7.5 0.2 0.1 0.1 0.0 0.0 0.1 0.3 0.0 0.1
13.1 0.3 0.1 0.1 0.1 0.0 0.1 0.5 0.0 0.1
20.2 0.3 0.2 0.1 0.1 0.0 0.1 0.5 0.0 0.1
22.1 0.4 0.1 0.1 0.0 0.0 0.2 0.4 0.0 0.1
49.9 0.8 0.3 0.2 0.1 0.1 0.3 0.5 0.0 0.0
71.1 0.3 0.1 0.1 0.0 0.0 0.1 0.2 0.1 0.0
4.3 0.3 0.1 0.1 0.1 0.0 0.1 0.2 0.0 0.2
6.4 0.5 0.1 0.2 0.1 0.0 0.2 0.3 0.0 0.2
6.3 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
108374.0 0.6 5913.5 0.1 852.7 2478.4 159.3 3051.6 142.1 0.1
36863.0 0.3 2320.0 0.1 1071.0 1263.7 1140.1 1895.7 891.4 0.2
35365.0 0.3 1851.0 0.1 1038.8 810.8 976.1 1780.6 850.8 0.2
6.1 0.3 0.2 0.2 0.1 0.0 0.3 0.0 0.0 0.2
12.6 0.5 0.3 0.2 0.1 0.0 0.2 0.3 0.4 0.1
24.6 0.6 0.3 0.3 0.1 0.0 0.1 0.3 0.2 0.1
27.2 0.2 0.3 0.1 0.1 0.0 0.4 0.3 0.1 0.1
20.3 0.1 0.4 0.1 0.0 0.0 0.1 0.1 0.0 0.0
66.2 0.4 1.5 0.2 0.3 0.1 0.3 0.3 0.2 0.0
109683.0 0.1 77.4 0.0 43.7 6.7 0.8 0.2 0.4 0.0
171715.0 0.1 83.0 0.0 97.4 14.8 2.5 3.2 0.2 0.0
83288.0 0.1 53.9 0.1 125.5 29.1 6.4 12.4 0.2 0.0
167544.0 0.1 74.9 0.1 9.7 0.9 0.8 0.1 0.1 0.0
75613.0 0.1 42.7 0.0 6.3 0.6 0.6 0.1 0.1 0.0
1807162.0 0.2 1276.5 0.1 7.8 0.6 0.8 0.2 0.2 0.0
409.4 0.1 15.1 0.1 1.1 0.1 0.1 0.1 0.0 0.0
107992.0 0.1 510.0 0.1 17.2 2.7 3.3 175.7 0.8 0.0
81078.0 0.3 536.8 0.3 15.2 1.9 1.9 245.6 0.7 0.0
32.4 0.3 0.2 0.1 0.1 0.0 0.3 0.3 0.0 0.0
98.0 1.6 0.7 0.6 0.5 0.0 0.3 0.3 0.1 0.0
7862.5 0.2 1.5 0.2 0.1 0.1 0.1 0.2 0.1 0.0
290482.0 0.2 892.7 0.1 130.2 67.1 25.3 225.0 40.2 0.0
381322.0 0.1 1368.5 0.1 163.1 107.7 25.2 310.9 37.2 0.0
116735.0 0.1 211.9 0.2 10.8 3.6 0.8 77.6 0.1 0.0
81855.0 0.1 252.4 0.2 11.0 4.3 1.6 86.3 0.7 0.0
470479.0 0.2 2254.7 0.4 162.4 113.6 46.6 89.0 26.2 0.0
36114.0 0.1 89.6 0.1 10.1 2.7 0.7 3.5 0.2 0.0
89196.0 0.1 148.4 0.1 12.1 3.4 0.9 10.0 0.4 0.0
43143.0 0.2 147.4 0.2 14.8 3.9 1.2 8.7 0.6 0.0
2802.3 0.1 36.4 0.1 5.1 6.8 1.8 2.7 0.3 0.0
576.1 0.1 9.1 0.1 1.2 1.9 0.6 0.8 0.1 0.0
234.3 0.1 5.7 0.1 0.9 1.9 0.6 0.1 0.5 0.0
7.3 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.0 0.1
11.0 0.3 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.1
15.5 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.0
58.1 0.2 0.6 0.1 0.1 0.1 0.1 0.1 0.0 0.0
81.2 0.1 1.0 0.2 0.1 0.0 0.0 0.1 0.1 0.0
77.2 0.1 0.9 0.1 0.1 0.0 0.0 0.1 0.0 0.0
2.1 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.2
3.4 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
4.3 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
14.1 0.2 0.1 0.1 0.0 0.0 0.0 0.6 0.0 0.1
48.1 0.2 0.7 0.1 0.1 0.0 0.0 0.2 0.0 0.0
1180.3 0.3 48.3 0.1 1.2 0.0 0.1 0.2 0.1 0.0
4.6 0.3 0.2 0.1 0.1 0.0 0.0 0.2 0.0 0.2
4.6 0.3 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
7.6 0.3 0.2 0.1 0.1 0.0 0.0 0.3 0.0 0.1
62.2 0.4 0.2 0.2 0.1 0.0 0.0 0.2 0.0 0.0
178.8 0.2 1.4 0.1 0.1 0.0 0.0 0.1 0.0 0.0
9592.8 0.2 8.6 0.1 1.8 0.1 0.1 0.1 0.0 0.0
3.6 0.4 0.1 0.2 0.1 0.0 0.0 0.2 0.0 0.2
3.6 0.2 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.1
7.0 0.3 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
4.3 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
5.1 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
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8.1 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.0 0.1
18132.0 0.2 38.1 0.1 1.0 0.5 0.3 0.2 0.4 0.0
220505.0 0.1 138.0 0.0 6.3 1.8 0.7 1.9 0.2 0.0
128839.0 0.1 112.6 0.1 10.9 4.9 1.3 6.0 0.1 0.0
192909.0 0.1 121.8 0.1 5.2 0.0 0.6 8.4 0.1 0.0
249584.0 0.1 145.2 0.1 7.4 3.7 0.7 12.8 0.1 0.0
178284.0 0.1 101.9 0.0 5.2 1.9 0.4 7.1 0.0 0.0
373987.0 0.5 615.7 0.3 108.9 66.5 11.5 950.4 0.9 0.0
880026.0 0.1 14159.0 0.0 3736.1 2219.5 532.5 137.9 13.5 0.0
1473163.0 0.4 24295.0 0.1 7696.1 4949.5 3172.6 1304.4 26.2 0.0
65.2 0.2 1.7 0.1 0.7 0.6 0.5 0.7 0.2 0.1
81.4 0.3 0.7 0.1 0.4 0.3 0.3 0.2 0.1 0.0
166.6 0.3 0.8 0.1 0.5 0.3 0.3 0.2 0.1 0.0
69.4 1.0 0.5 0.6 0.3 0.0 0.3 0.0 0.0 0.0
189.4 0.5 0.6 0.2 67.1 29.0 24.1 6.1 1.7 0.4
579.9 0.3 10.1 0.1 305.4 64.0 63.1 14.3 4.3 0.4
28.9 0.8 0.6 0.4 0.2 0.1 0.3 0.2 0.1 0.1
120.0 0.3 2.0 0.1 0.6 0.1 0.1 0.1 0.0 0.0
150.6 0.4 2.1 0.2 0.8 0.2 0.1 0.1 0.1 0.0
39794.0 1.3 971.0 0.0 323.1 127.4 70.0 33.7 7.6 0.0
36587.0 1.0 885.6 0.7 296.9 116.5 63.2 30.2 6.5 0.0
36263.0 1.3 897.5 0.9 308.4 127.0 68.9 33.6 7.7 0.0
12.5 0.6 0.3 0.3 0.2 0.0 0.5 0.5 0.0 0.2
15.7 0.5 0.3 0.2 0.1 0.0 0.4 0.1 0.0 0.1
20.7 0.3 0.2 0.1 0.1 0.0 0.3 0.1 0.0 0.0
84.2 0.2 0.4 0.1 0.2 0.1 0.1 0.1 0.3 0.0
65.6 0.3 0.4 0.1 0.3 0.2 0.1 0.3 0.3 0.0
10.9 0.5 0.2 0.2 0.1 0.0 0.3 0.2 0.0 0.1
12.4 0.6 0.3 0.3 0.1 0.0 0.5 0.2 0.0 0.1
16.7 0.4 0.1 0.2 0.1 1.3 0.0 0.1 0.0 0.1
28.6 0.2 0.1 0.1 0.0 0.0 0.3 0.1 0.0 0.0
77116.0 0.7 2324.9 0.1 1374.1 3584.2 202.2 51.8 2420.7 0.1
89160.0 0.3 2660.9 0.2 990.9 4214.3 234.5 59.9 2655.6 0.1
82692.0 0.2 2317.4 0.2 670.6 1991.9 95.2 31.4 959.8 0.1
16.8 0.4 0.5 0.2 0.2 0.0 0.3 0.1 0.6 0.1
13.7 0.5 0.4 0.3 0.2 0.3 0.1 0.1 0.4 0.1
30.8 0.3 0.3 0.1 0.1 0.2 0.0 0.1 0.2 0.0
6.7 0.7 0.2 0.4 0.1 0.0 0.0 0.0 0.0 0.2
10.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
20.7 0.2 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
6.9 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
8.8 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.0
12.3 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
6.4 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
7.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
13.4 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
4.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
10.6 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
8.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
11.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
13.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
9.4 1.1 0.4 0.6 0.3 0.0 0.1 0.1 0.1 0.2
7.9 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
9.7 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
51066.0 0.1 1229.8 0.1 14.2 44.9 0.9 32.5 0.3 0.0
189036.0 0.2 3257.3 0.1 40.5 43.4 3.8 40.7 0.7 0.0
63416.0 0.1 3668.6 0.2 228.7 22.8 10.5 3.8 1.2 0.1
5.9 0.1 0.4 0.1 0.1 0.0 0.0 0.1 0.0 0.1
7.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
9.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
4.3 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.4 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
9.9 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
4.9 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.5 0.1 0.1 0.1 0.1 0.0 0.0 0.1 0.0 0.0
14.5 0.1 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
11.4 0.5 0.3 0.4 0.2 0.0 0.0 0.1 0.0 0.1
18.4 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
559.8 0.1 0.4 0.1 0.1 0.0 0.1 0.1 0.0 0.0
9.2 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
16.9 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
72.1 0.3 0.7 0.2 0.2 0.0 0.1 0.1 0.0 0.0
8.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
14.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
29.0 0.1 0.9 0.1 0.1 0.0 0.0 0.1 0.1 0.0
8.6 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
15.8 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
37.6 0.1 0.2 0.1 0.1 0.0 0.1 0.0 0.0 0.0
7.4 0.3 0.2 0.2 0.1 0.0 0.1 0.1 0.0 0.1
12.5 0.9 0.3 0.5 0.2 0.0 0.1 0.0 0.0 0.1
11.9 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
3.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.7 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
6.9 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.4 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.7 0.7 0.3 0.5 0.2 0.0 0.1 0.1 0.0 0.2
8.2 0.5 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.1
7.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1 0.1
3.9 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1
3.9 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
22.9 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
6.7 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
10.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
14.8 0.1 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0
271.2 0.2 63.0 0.1 97.2 24.3 36.8 16.0 9.9 0.5
24.8 0.3 7.9 0.1 18.8 6.2 12.8 7.5 5.6 0.7
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15.1 0.5 3.4 0.3 8.8 3.1 6.8 4.6 3.5 0.7
9.8 0.4 2.1 0.1 4.8 1.7 3.8 2.5 1.9 0.6
20.3 2.2 2.8 0.7 5.3 1.8 4.0 2.4 2.1 0.5
11.5 0.2 1.0 0.1 2.2 0.7 1.6 1.1 0.7 0.4
11.6 0.5 1.9 0.2 3.8 1.3 3.1 2.5 1.8 0.6
11.3 0.4 1.3 0.3 2.7 0.9 2.2 1.5 1.1 0.5
17.1 0.1 0.9 0.1 1.6 0.5 1.3 0.8 0.6 0.3
16.1 0.5 3.1 0.1 5.0 1.1 3.4 1.3 1.4 0.5
13.8 1.0 1.6 0.4 2.5 0.7 1.9 1.0 1.0 0.4
10.2 0.1 0.6 0.0 0.9 0.3 0.6 0.4 0.3 0.2
185.1 0.3 16.5 0.1 67.5 15.0 5.5 0.3 0.3 0.4
20.2 0.2 1.4 0.1 7.8 2.4 1.3 0.2 0.4 0.4
16.0 0.2 0.3 0.1 1.6 0.6 0.4 0.1 0.2 0.2
12.2 0.3 0.3 0.5 0.9 0.3 0.4 0.2 0.3 0.2
12.5 0.1 0.1 0.0 0.4 0.1 0.2 0.1 0.2 0.1
24.3 0.2 0.2 0.1 0.5 0.2 0.2 0.1 0.3 0.1
8.2 0.2 0.9 0.1 1.5 0.4 1.1 0.6 0.6 0.4
13.3 0.2 1.3 0.1 2.0 0.6 1.5 0.8 0.7 0.3
25.6 0.5 1.3 0.2 1.8 0.6 1.4 1.0 0.8 0.2
5.0 0.2 1.1 0.1 1.4 0.4 1.1 0.6 0.6 0.5
5.8 0.2 0.9 0.1 1.2 0.3 0.9 0.5 0.6 0.4
6.0 0.2 0.6 0.1 0.8 0.2 0.6 0.3 0.3 0.3
9.3 0.5 1.4 0.2 1.9 0.4 1.2 0.7 0.5 0.4
6.1 0.2 0.7 0.1 1.0 0.3 0.7 0.4 0.4 0.4
8.5 0.2 0.6 0.1 0.8 0.2 0.5 0.3 0.2 0.2
6.4 0.3 0.9 0.2 1.1 0.3 0.8 0.4 0.4 0.4
9.2 0.4 1.1 0.1 1.4 0.3 0.8 0.4 0.4 0.4
9.6 0.4 1.0 0.2 1.2 0.2 0.7 0.3 0.2 0.3
7.4 0.5 0.9 0.2 1.3 0.3 0.8 0.4 0.5 0.4
7.7 0.4 0.9 0.2 1.2 0.2 0.7 0.3 0.4 0.4
9.3 0.3 0.8 0.1 1.1 0.2 0.6 0.3 0.3 0.3
7.9 0.1 0.7 0.1 1.0 0.2 0.6 0.3 0.3 0.3
13.7 1.1 1.2 0.6 1.3 0.2 0.6 0.2 0.3 0.3
18.2 0.4 0.9 0.2 1.2 0.2 0.6 0.3 0.3 0.2
11.7 1.1 1.0 0.5 1.2 0.2 0.5 0.2 0.3 0.3
14.9 0.9 1.6 0.3 2.1 0.3 1.1 0.4 0.5 0.3
14.8 0.2 1.1 0.1 1.3 0.3 0.8 0.4 0.3 0.2
8.7 0.2 1.1 0.1 1.4 0.2 0.7 0.4 0.4 0.3
10.3 0.3 1.0 0.1 1.3 0.2 0.8 0.3 0.3 0.3
10.4 0.2 0.7 0.1 0.8 0.1 0.4 0.2 0.2 0.2
22.9 0.2 0.7 0.1 0.9 0.2 0.5 0.2 0.3 0.1
39.2 0.3 0.8 0.1 1.1 0.2 0.5 0.2 0.2 0.1
63.0 0.2 0.6 0.1 0.9 0.1 0.5 0.2 0.2 0.0
6.1 0.2 0.6 0.1 0.8 0.1 0.4 0.1 0.1 0.3
19.3 1.2 1.5 0.5 1.5 0.2 0.6 0.2 0.2 0.2
14.1 0.3 0.6 0.1 0.7 0.1 0.4 0.1 0.1 0.1
18.9 0.6 1.3 0.3 1.5 0.3 0.9 0.4 0.4 0.2
14.0 0.2 0.6 0.1 0.8 0.1 0.4 0.1 0.1 0.2
16.4 0.3 0.6 0.1 0.7 0.1 0.4 0.0 0.1 0.1
6.0 0.2 0.5 0.1 0.6 0.1 0.3 0.0 0.1 0.2
12.1 0.2 0.6 0.1 0.8 0.1 0.5 0.1 0.1 0.2
16.1 0.1 0.5 0.0 0.6 0.1 0.3 0.1 0.1 0.1
7.5 0.5 0.9 0.2 1.1 0.1 0.5 0.2 0.1 0.3
7.9 0.4 0.7 0.2 0.9 0.1 0.5 0.1 0.1 0.3
8.7 0.2 0.4 0.1 0.5 0.1 0.3 0.1 0.1 0.2
7.2 0.3 0.6 0.1 0.7 0.1 0.4 0.1 0.2 0.3
10.1 0.4 0.7 0.2 0.9 0.1 0.5 0.1 0.2 0.2
9.8 0.2 0.5 0.1 0.6 0.1 0.3 0.1 0.1 0.2
637.1 0.1 9.3 0.0 0.5 0.1 0.2 0.1 0.3 0.0
11461.0 0.2 17.0 0.1 1.6 0.2 0.5 0.1 0.4 0.0
276708.0 0.4 30.4 0.1 5.2 0.8 1.8 0.8 0.3 0.0
10.1 0.4 0.8 0.2 1.0 0.1 0.6 0.1 0.0 0.2
17.6 0.5 0.7 0.2 0.9 0.1 0.6 0.1 0.2 0.2
7.2 0.8 0.8 0.4 0.9 0.1 0.5 0.1 0.1 0.3
6.2 0.6 0.7 0.3 0.8 0.1 0.4 0.1 0.1 0.3
5.7 0.4 0.6 0.2 0.7 0.1 0.4 0.1 0.1 0.3
4.2 0.4 0.5 0.2 0.7 0.1 0.3 0.1 0.1 0.3
86623.0 0.2 904.0 0.3 3677.3 3254.6 2046.7 2868.4 1666.9 0.1
75568.0 0.6 861.2 0.7 2465.6 1527.8 2383.0 2552.2 1501.8 0.1
102312.0 0.3 784.6 0.3 1478.1 808.3 1639.1 1861.2 1222.3 0.1
1714.0 0.3 11.9 0.1 21.1 11.4 21.3 25.7 17.8 0.1
29.2 0.2 0.5 0.1 0.9 0.4 1.0 1.1 1.1 0.2
17.0 0.2 0.3 0.0 0.7 0.5 1.3 3.2 2.4 0.3
5.3 0.3 0.6 0.1 0.7 0.1 0.4 0.1 0.1 0.3
3.8 0.2 0.4 0.1 0.5 0.1 0.3 0.1 0.0 0.3
6.2 0.2 0.8 0.1 1.0 0.1 0.5 0.1 0.1 0.3
11.6 0.7 0.7 0.3 0.9 0.1 0.4 0.1 0.2 0.2
17.9 0.6 0.9 0.2 1.0 0.1 0.5 0.1 0.2 0.2
22.2 0.2 0.7 0.1 0.8 0.1 0.4 0.1 0.2 0.1
13.8 1.2 1.1 0.6 1.2 0.1 0.5 0.1 0.1 0.3
10.1 0.4 0.5 0.2 0.7 0.1 0.3 0.1 0.1 0.2
17.0 1.1 1.1 0.4 1.1 0.1 0.4 0.1 0.1 0.2
184683.0 0.2 8.9 0.1 3.9 0.6 1.4 0.5 0.5 0.0
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
234989.0 0.2 8.4 0.2 4.5 0.6 1.3 0.6 0.6 0.0
1187.5 2.1 1.7 1.3 1.4 0.2 0.6 0.2 0.2 0.0
55.7 0.2 0.5 0.1 0.5 0.1 0.3 0.1 0.1 0.0
27.2 0.1 0.3 0.0 0.3 0.1 0.2 0.1 0.1 0.0
18.7 0.2 0.5 0.1 0.6 0.1 0.3 0.1 0.1 0.1
24.7 0.3 0.8 0.1 1.0 0.1 0.5 0.1 0.2 0.1
27.0 0.3 0.7 0.1 0.9 0.1 0.5 0.1 0.2 0.1
15.7 0.5 1.0 0.3 1.4 0.2 0.7 0.2 0.2 0.2
15.7 0.2 0.8 0.1 0.9 0.1 0.5 0.1 0.2 0.2
19.4 0.3 0.8 0.1 1.0 0.1 0.5 0.1 0.2 0.1
10.2 0.9 1.0 0.4 1.1 0.1 0.5 0.2 0.3 0.3
19.1 1.0 1.2 0.4 1.2 0.1 0.6 0.2 0.3 0.2
14.9 0.2 0.7 0.1 0.8 0.1 0.4 0.1 0.1 0.1
4.2 0.3 0.5 0.1 0.6 0.1 0.3 0.1 0.2 0.3
5.2 0.1 0.4 0.1 0.5 0.1 0.3 0.1 0.1 0.2
6.0 0.2 0.5 0.1 0.6 0.1 0.3 0.1 0.1 0.2
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9.1 0.4 0.7 0.1 0.9 0.1 0.5 0.1 0.1 0.2
11.7 0.2 0.5 0.1 0.6 0.1 0.8 0.4 0.7 0.2
19.0 0.3 0.9 0.1 1.1 0.2 1.4 0.6 0.9 0.2
5.2 0.2 0.5 0.1 0.6 0.1 0.3 0.1 0.1 0.3
5.3 0.2 0.5 0.1 0.5 0.1 0.3 0.1 0.1 0.3
5.9 0.1 0.4 0.1 0.5 0.1 0.2 0.1 0.0 0.2
13.4 0.6 0.3 0.2 0.7 0.7 1.5 4.0 3.3 0.5
13.0 0.3 0.2 0.1 0.4 0.3 0.6 1.4 1.2 0.3
20.1 0.3 0.2 0.1 0.3 0.2 0.5 1.2 1.0 0.2
7.3 0.2 0.2 0.1 0.2 0.1 0.3 0.8 0.7 0.3
6.5 0.3 0.2 0.1 0.2 0.1 0.2 0.6 0.5 0.2
10.4 0.4 0.3 0.1 0.3 0.2 0.3 0.8 0.7 0.2
13.0 0.2 0.2 0.1 0.2 0.1 0.3 0.7 0.5 0.2
20.5 0.4 0.4 0.1 0.3 0.2 0.3 0.8 0.6 0.1
20.4 0.3 0.3 0.1 0.3 0.1 0.2 0.5 0.4 0.1
5.9 0.3 0.2 0.1 0.2 0.1 0.2 0.4 0.3 0.2
4.9 0.2 0.2 0.1 0.2 0.1 0.1 0.3 0.3 0.2
28.8 0.7 1.0 0.2 1.0 0.3 0.6 0.5 0.4 0.1
8.9 0.3 0.2 0.1 0.2 0.1 0.1 0.4 0.3 0.2
16.1 0.3 0.3 0.1 0.3 0.1 0.3 0.3 0.2 0.1
55.3 0.4 1.5 0.1 0.6 0.1 0.3 0.4 0.3 0.1
8.0 0.3 0.3 0.1 0.3 0.1 0.2 0.3 0.2 0.2
7.4 0.2 0.2 0.1 0.2 0.0 0.1 0.2 0.1 0.1
8.6 0.3 0.2 0.1 0.1 0.0 0.1 0.2 0.1 0.1
10.8 0.5 0.3 0.2 0.2 0.0 0.1 0.3 0.3 0.1
12.2 0.4 0.2 0.2 0.2 0.0 0.1 0.2 0.2 0.1
12.5 0.4 0.3 0.1 0.3 0.0 0.2 0.2 0.1 0.1
6.2 0.3 0.2 0.1 0.2 0.0 0.2 0.1 0.1 0.2
7.0 0.2 0.1 0.0 0.2 0.0 0.1 0.1 0.1 0.1
11.3 0.4 0.5 0.1 0.3 0.0 0.1 0.2 0.1 0.1
343.7 0.1 9.5 0.0 0.8 0.1 0.3 0.2 0.1 0.0
5010.3 0.0 27.0 0.1 1.2 0.1 0.2 0.2 0.1 0.0
38678.0 0.1 31.3 0.1 3.3 0.3 0.2 0.2 0.1 0.0
863.4 0.4 0.9 0.1 0.4 0.0 0.1 0.1 0.1 0.0
35.0 0.3 0.3 0.1 0.2 0.0 0.1 0.1 0.1 0.0
17.0 0.3 0.2 0.0 0.3 0.0 0.1 0.1 0.1 0.1
8.9 0.5 0.2 0.2 0.2 0.1 0.1 0.1 0.1 0.1
6.5 0.3 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1
7.2 0.3 0.1 0.0 0.2 0.0 0.1 0.1 0.1 0.1
9.8 0.5 0.3 0.1 0.3 0.0 0.1 0.1 0.1 0.1
13.1 0.5 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.1
14.4 0.3 0.1 0.0 0.2 0.0 0.1 0.1 0.1 0.1
6.4 0.3 0.2 0.0 0.3 0.0 0.1 0.1 0.1 0.1
7.3 0.4 0.3 0.0 0.3 0.0 0.1 0.1 0.1 0.1
8.8 0.3 0.2 0.0 0.2 0.0 0.1 0.1 0.0 0.1
6.4 0.5 0.3 0.0 0.5 0.0 0.1 0.2 0.1 0.2
6.1 0.5 0.4 0.1 0.5 0.0 0.3 0.1 0.2 0.3
5.8 0.3 0.1 0.0 0.2 0.0 0.1 0.0 0.1 0.1
2.4 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.2
3.9 0.1 0.2 0.0 0.2 0.0 0.1 0.1 0.1 0.2
7.5 0.1 0.1 0.0 0.2 0.0 0.1 0.1 0.1 0.1
9.8 0.4 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.1
10.6 0.2 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.1
27.4 0.3 0.3 0.0 0.2 0.0 0.0 0.0 0.0 0.0
4128.4 0.2 0.6 0.1 0.2 0.1 0.2 0.1 0.2 0.0
136.6 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.0
66.6 0.2 0.3 0.1 0.3 0.1 0.3 0.1 0.4 0.0
19.7 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.2 0.0
26.1 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.2 0.0
52.4 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.4 0.0
5.2 0.2 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.1
7.2 0.2 0.2 0.1 0.2 0.0 0.1 0.1 0.1 0.1
7.6 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.1
9.5 0.2 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.1
14.7 0.2 0.2 0.1 0.1 0.0 0.1 0.1 0.0 0.0
24.8 0.1 0.2 0.0 0.1 0.0 0.1 0.1 0.1 0.0
13.6 0.5 0.3 0.2 0.2 0.0 0.2 0.1 0.1 0.1
16.0 0.4 0.3 0.1 0.4 0.0 0.1 0.1 0.1 0.1
15.7 0.4 0.3 0.0 0.3 0.0 0.1 0.1 0.1 0.1
6.2 0.3 0.2 0.1 0.2 0.0 0.1 0.0 0.0 0.1
7.2 0.3 0.2 0.0 0.3 0.0 0.1 0.0 0.1 0.1
7.4 0.3 0.3 0.0 0.3 0.0 0.1 0.0 0.1 0.1
5.1 0.4 0.2 0.2 0.2 0.0 0.5 0.0 0.1 0.2
6.5 0.4 0.2 0.1 0.2 0.0 0.3 0.1 0.1 0.2
7.2 0.3 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.1
3.4 0.3 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.2
3.4 0.2 0.1 0.0 0.2 0.0 0.1 0.0 0.0 0.2
4.0 0.2 0.1 0.1 0.1 0.0 0.3 0.0 0.0 0.2
7.5 0.3 0.1 0.0 0.3 0.0 0.2 0.1 0.1 0.1
8.4 0.4 0.2 0.0 0.3 0.0 0.1 0.1 0.1 0.1
8.2 0.4 0.1 0.2 0.1 0.0 0.1 0.1 0.0 0.1
2.8 0.4 0.2 0.2 0.2 0.0 0.1 0.1 0.1 0.3
4.6 0.5 0.2 0.2 0.2 0.0 0.1 0.1 0.1 0.2
5.5 0.3 0.2 0.0 0.2 0.0 0.1 0.1 0.1 0.1
7.3 0.5 0.2 0.0 0.4 0.0 0.1 0.0 0.0 0.2
7.7 0.3 0.1 0.0 0.2 0.0 0.1 0.1 0.1 0.1
10.1 0.4 0.1 0.2 0.1 0.0 0.1 0.1 0.0 0.1
7.0 0.5 0.3 0.0 0.4 0.0 0.0 0.0 0.1 0.2
7.5 0.4 0.1 0.0 0.3 0.0 0.1 0.1 0.1 0.1
10.2 0.4 0.2 0.0 0.3 0.0 0.3 0.0 0.1 0.1
3.8 0.4 0.2 0.0 0.2 0.0 0.0 0.0 0.1 0.2
4.4 0.3 0.2 0.0 0.3 0.0 0.1 0.0 0.1 0.2
4.8 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.1
12.1 0.5 0.8 0.2 1.0 0.1 0.6 0.1 0.2 0.2
12.5 0.4 0.7 0.2 0.9 0.1 0.4 0.1 0.1 0.2
12.2 0.4 0.5 0.2 0.6 0.1 0.3 0.1 0.1 0.2
5.2 0.1 0.4 0.1 0.5 0.1 0.3 0.1 0.1 0.2
7.9 0.2 0.5 0.1 0.6 0.1 0.3 0.1 0.1 0.2
16.0 0.3 0.7 0.1 0.8 0.1 0.4 0.1 0.1 0.1
56.9 0.5 0.9 0.2 0.6 0.1 0.8 0.3 1.9 0.1
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47.5 0.1 1.6 0.0 0.8 0.2 1.4 0.4 2.3 0.1
405.0 0.0 29.9 0.2 5.5 0.5 1.7 0.3 0.8 0.1
73.9 0.3 1.7 0.1 0.5 0.1 0.2 0.1 2.3 0.1
119.8 0.2 0.3 0.1 0.2 0.1 0.2 0.1 1.1 0.0
289.4 0.2 0.2 0.0 0.2 0.0 0.2 0.2 1.4 0.0
33.5 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.5 0.0
60.9 0.3 0.1 0.1 0.1 0.0 0.1 0.1 0.6 0.0
99.7 0.3 0.2 0.1 0.2 0.1 0.2 0.1 0.8 0.0
9.0 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.3 0.1
12.3 0.7 0.3 0.3 0.2 0.1 0.1 0.1 0.3 0.1
13.2 0.3 0.1 0.1 0.3 0.3 0.5 0.5 0.5 0.2
182971.0 0.1 256.1 0.2 9.2 1.7 1.3 0.3 0.3 0.0
189466.0 0.1 368.5 0.3 11.6 3.0 2.7 0.9 1.0 0.0
374689.0 0.1 441.0 0.2 10.0 4.3 4.4 6.4 0.7 0.0
103208.0 0.2 56.5 0.3 6.8 0.4 0.9 0.3 0.4 0.0
162201.0 0.8 65.5 0.3 12.9 1.5 1.7 0.4 0.3 0.0
329482.0 1.7 160.0 0.4 40.1 4.6 5.4 1.1 0.7 0.0
108234.0 0.2 78.1 0.0 4.1 0.5 1.0 0.7 0.7 0.0
78091.0 1.0 71.9 0.0 4.1 0.5 0.9 0.6 0.7 0.0
89686.0 1.9 89.2 0.0 4.9 0.6 1.0 0.7 0.7 0.0
1816.2 0.2 2.9 0.0 0.2 0.1 0.1 0.1 0.2 0.0
433.4 0.1 6.6 0.0 0.3 0.0 0.1 0.0 0.1 0.0
48994.0 1.2 91.7 0.4 7.4 0.6 0.5 0.0 0.2 0.0
94853.0 0.3 31.7 0.0 2.5 0.5 0.5 0.1 0.2 0.0
123414.0 0.7 40.5 0.0 0.9 0.2 0.2 0.1 0.1 0.0
441675.0 2.4 157.2 0.1 1.7 0.3 0.5 0.3 0.3 0.0
212616.0 0.2 7.8 0.0 2.7 0.3 0.9 0.4 0.2 0.0
152196.0 0.1 4.8 0.1 2.6 0.3 1.1 0.5 0.4 0.0
211479.0 0.1 6.1 0.0 4.1 0.4 1.3 0.8 0.4 0.0
29716.0 0.1 5.1 0.0 0.5 0.1 0.2 0.1 0.2 0.0
146333.0 0.2 22.2 0.1 1.6 0.3 0.6 0.3 0.4 0.0
211712.0 0.3 50.1 0.1 0.5 0.1 0.3 0.2 0.3 0.0
1125.6 0.1 2.0 0.0 0.1 0.0 0.1 0.1 0.1 0.0
7671.2 0.1 26.9 0.2 2.8 0.1 0.3 0.2 0.5 0.0
140028.0 0.4 28.3 0.1 1.8 0.1 0.1 0.1 0.1 0.0
61896.0 0.4 34.0 0.1 2.4 0.5 0.7 0.5 0.4 0.0
70750.0 0.0 38.8 0.2 3.0 0.6 0.9 0.7 0.5 0.0
70524.0 0.6 39.0 0.1 3.0 0.6 0.8 0.7 0.5 0.0
1248.1 0.1 0.8 0.0 0.2 0.0 0.1 0.1 0.1 0.0
124.0 0.1 0.5 0.0 0.3 0.1 0.1 0.1 0.1 0.0
214.4 0.1 7.0 0.1 0.5 0.1 0.1 0.1 0.1 0.0
159880.0 0.2 690.2 0.1 3.4 0.5 0.8 0.2 0.2 0.0
108802.0 0.2 516.9 0.0 2.6 0.4 0.5 0.2 0.2 0.0
667387.0 0.2 1594.3 0.0 3.3 0.3 0.4 0.1 0.1 0.0
133859.0 1.1 74.5 0.0 3.5 0.7 1.1 0.7 0.7 0.0
214323.0 0.5 50.2 0.1 3.9 0.8 1.2 0.9 0.8 0.0
276330.0 0.5 59.6 0.0 5.4 1.2 1.5 1.0 0.7 0.0
3423.5 0.0 3.3 0.0 0.3 0.1 0.1 0.1 0.1 0.0
377.2 0.3 3.1 0.1 0.2 0.1 0.2 0.1 0.1 0.0
166.7 0.2 1.4 0.0 0.1 0.0 0.1 0.1 0.1 0.0
37967.0 0.1 218.1 2.2 131.8 338.1 138.4 182.0 3.8 0.0
104362.0 0.1 348.1 2.5 147.6 225.4 154.1 111.7 2.9 0.0
83252.0 0.1 337.8 1.3 81.5 93.2 78.2 65.0 2.4 0.0
7.4 0.2 0.7 0.1 0.8 0.1 0.4 0.1 0.2 0.3
10.0 0.5 0.6 0.2 0.7 0.1 0.3 0.1 0.1 0.2
9.1 0.1 0.3 0.1 0.4 0.1 0.2 0.1 0.1 0.1
2663.5 0.2 10.0 0.2 2.9 3.6 3.1 2.7 0.3 0.0
71.7 0.1 0.5 0.1 0.3 0.4 0.5 0.6 0.1 0.0
40.3 0.3 0.3 0.1 0.2 0.3 0.3 0.4 0.1 0.0
73.9 0.1 0.2 0.0 0.2 0.3 0.6 0.3 0.2 0.0
33.3 0.2 0.1 0.1 0.1 0.2 0.3 0.3 0.2 0.0
30.4 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.0
6.9 0.2 0.4 0.1 0.5 0.1 0.3 0.1 0.1 0.2
13.2 0.5 0.6 0.2 0.7 0.1 0.4 0.1 0.1 0.2
16.2 0.4 0.8 0.2 0.9 0.1 0.6 0.1 0.2 0.2
3.2 0.2 0.3 0.1 0.4 0.1 0.2 0.1 0.1 0.3
4.7 0.3 0.5 0.1 0.6 0.1 0.3 0.1 0.1 0.3
3.7 0.2 0.4 0.1 0.5 0.1 0.2 0.1 0.1 0.3
6.9 0.1 0.3 0.1 0.4 0.1 0.2 0.1 0.1 0.2
15.0 1.2 1.1 0.7 1.0 0.1 0.4 0.2 0.2 0.2
19.7 1.0 0.9 0.5 0.9 0.1 0.3 0.1 0.1 0.2
4.6 0.1 0.3 0.1 0.4 0.1 0.2 0.0 0.1 0.2
6.8 0.2 0.3 0.1 0.4 0.1 0.2 0.1 0.0 0.2
7.8 0.2 0.4 0.1 0.5 0.1 0.2 0.1 0.1 0.2
4.9 0.5 0.5 0.2 0.7 0.1 0.6 0.1 0.2 0.4
19.8 2.3 2.1 0.9 2.8 0.3 1.4 0.4 0.5 0.3
6.4 0.3 0.7 0.1 0.9 0.1 0.4 0.1 0.2 0.3
12.2 0.2 0.6 0.1 0.8 0.1 0.4 0.1 0.1 0.2
19.9 1.2 1.2 0.6 1.3 0.1 0.6 0.2 0.2 0.2
11.2 0.3 0.6 0.2 0.8 0.1 0.4 0.1 0.2 0.2
192877.0 0.3 388.5 0.0 62.4 4.8 5.2 2.2 0.2 0.0
85477.0 0.2 491.8 0.1 142.8 46.4 12.6 5.1 0.1 0.0
59549.0 0.1 862.1 0.4 778.1 214.0 114.9 114.5 1.7 0.0
31760.0 0.1 94.9 0.6 16.8 4.2 2.3 2.4 0.8 0.0
104392.0 0.1 191.5 0.2 24.5 5.9 3.4 2.0 0.6 0.0
110510.0 0.1 377.5 0.1 51.3 14.4 5.6 2.8 0.5 0.0
75221.0 1.2 7284.2 0.4 7986.6 3211.1 8107.5 5309.8 5513.9 0.3
20224.0 0.5 4368.4 0.2 12649.0 7616.5 20168.0 13683.0 13369.0 0.8
20434.0 0.4 22810.0 0.1 94228.0 36696.0 88233.0 37790.0 34263.0 0.9
52454.0 0.5 17004.0 0.5 20998.0 29117.0 21483.0 37544.0 4699.7 0.7
74568.0 0.5 15634.0 0.5 5034.2 10998.0 2936.0 9351.3 1125.5 0.4
64148.0 0.4 11420.0 0.4 532.8 3359.9 301.1 2379.3 238.4 0.2
49391.0 0.8 145.5 0.4 29.8 63.4 64.6 128.1 71.2 0.0
77863.0 0.3 24.7 0.2 14.1 22.0 36.8 70.3 46.5 0.0
73123.0 0.2 15.0 0.1 5.8 7.9 15.3 29.6 19.5 0.0
70060.0 0.4 20.2 0.2 6.8 8.6 18.7 36.6 27.1 0.0
61738.0 1.0 20.1 0.5 7.7 8.4 18.1 33.7 26.9 0.0
79775.0 0.3 20.6 0.1 4.4 5.0 10.9 20.4 16.5 0.0
58293.0 0.6 14723.0 0.5 46544.0 18068.0 62976.0 35472.0 45115.0 0.8
86829.0 0.9 21797.0 2.2 69531.0 26273.0 93422.0 50621.0 63927.0 0.8
 318
71707.0 0.5 15546.0 0.8 40051.0 13571.0 47429.0 26009.0 33999.0 0.7
159762.0 1.6 1839.7 0.6 794.5 221.3 895.0 715.1 989.2 0.0
138209.0 0.5 5599.4 2.4 587.1 305.9 1054.8 1931.9 864.5 0.1
56270.0 0.2 4571.0 0.2 1200.7 9117.5 413.5 11825.0 322.1 0.3
77590.0 0.9 185.0 0.9 60.4 242.7 98.1 433.8 186.0 0.0
94808.0 0.1 50.7 1.0 18.9 49.7 54.6 156.4 122.4 0.0
82097.0 0.2 33.0 0.2 18.4 27.6 55.1 110.9 104.3 0.0
11.3 0.3 0.6 0.1 0.9 0.1 0.4 0.1 0.2 0.2
19.6 0.7 2.0 0.2 2.7 0.3 1.0 0.2 0.7 0.3
19.3 0.3 0.4 0.1 0.5 0.0 0.1 0.1 0.1 0.1
347400.0 0.1 896.9 0.2 54.4 5.9 3.1 571.9 4.2 0.0
119747.0 0.2 302.1 0.2 26.4 9.8 1.3 301.4 9.7 0.0
254290.0 0.2 746.8 0.2 62.6 14.1 9.3 21.1 2.9 0.0
402.7 0.4 2.3 0.1 1.6 0.2 0.7 0.6 0.5 0.0
33.1 0.3 0.8 0.1 0.9 0.1 0.4 0.2 0.2 0.1
17.2 0.2 0.6 0.1 0.7 0.1 0.3 0.2 0.2 0.1
20.8 0.3 1.1 0.2 1.5 0.1 0.8 0.3 0.5 0.2
14.2 0.7 0.7 0.3 0.8 0.1 0.4 0.2 0.3 0.2
15.6 0.2 0.6 0.1 0.7 0.1 0.4 0.2 0.3 0.1
212184.0 0.3 241.6 0.2 5.8 0.8 1.1 0.5 0.7 0.0
87149.0 0.4 397.5 1.7 176.6 26.8 22.4 5.3 6.9 0.0
131141.0 0.3 5230.6 0.8 3317.5 726.4 1286.2 521.6 474.3 0.1
32.7 0.1 0.2 0.1 0.1 0.1 0.2 0.2 0.2 0.0
17.9 0.1 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.0
19.3 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0
24.1 0.3 0.1 0.1 0.2 0.1 0.1 0.1 0.1 0.0
17.6 0.4 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.1
13.2 0.1 0.2 0.0 0.1 0.1 0.1 0.1 0.1 0.1
15.5 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.0 0.0
31.9 0.3 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.0
36.8 0.2 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
14.6 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.0
22.9 1.1 0.4 0.5 0.4 0.1 0.2 0.1 0.1 0.1
18.6 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.1 0.0
10.5 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.0
16.9 0.3 0.1 0.1 0.1 0.0 0.1 0.0 0.1 0.0
13.4 0.1 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.0
25.4 0.9 0.4 0.5 0.3 0.0 0.1 0.1 0.1 0.1
368.2 0.3 0.3 0.1 0.2 0.1 0.1 0.1 0.1 0.0
2016.6 0.1 1.1 0.1 0.7 0.2 0.2 0.2 0.1 0.0
84645.0 0.1 78.0 0.2 4.7 4.2 10.9 21.6 25.3 0.0
278835.0 0.1 130.3 0.2 6.1 4.7 15.3 28.7 37.9 0.0
233783.0 0.3 112.1 0.0 5.2 3.1 10.2 23.4 31.1 0.0
5213.5 0.8 3.3 0.3 1.9 2.9 9.5 23.9 32.6 0.0
128.7 0.4 0.6 0.1 1.1 1.4 4.9 10.5 14.5 0.2
42.7 0.5 0.8 0.2 1.0 0.9 2.9 6.8 9.7 0.3
13446.0 0.1 2.0 0.1 1.1 0.4 1.4 2.9 4.0 0.0
43461.0 0.2 4.1 0.1 2.8 0.8 2.5 4.8 6.3 0.0
71521.0 0.2 4.5 0.1 2.5 0.6 2.0 3.9 5.1 0.0
2400.0 0.6 0.7 0.2 1.0 0.9 3.2 6.3 8.5 0.0
75.8 0.3 0.3 0.1 0.4 0.4 1.4 3.5 4.5 0.1
31.5 0.4 0.4 0.1 0.5 0.4 1.4 3.4 4.6 0.3
14.3 0.2 0.3 0.1 0.4 0.3 0.9 2.1 2.6 0.3
13.6 0.3 0.3 0.1 0.3 0.3 0.8 1.9 2.3 0.3
41.8 0.2 0.6 0.1 0.4 0.2 0.7 1.5 1.9 0.1
8.4 0.1 0.2 0.0 0.2 0.2 0.5 1.1 1.4 0.3
8.3 0.1 0.1 0.1 0.2 0.2 0.7 1.5 2.0 0.4
9.6 0.1 0.1 0.0 0.2 0.1 0.4 0.7 0.9 0.2
753814.0 0.3 4922.5 0.5 1733.8 655.1 396.3 561.7 82.4 0.0
864551.0 0.5 42554.0 0.5 132826.0 33015.0 14058.0 49870.0 278.9 0.2
241921.0 0.1 12754.0 0.2 45682.0 11903.0 35461.0 31587.0 691.7 0.4
6699.5 0.2 307.4 0.3 1100.7 263.4 710.3 789.5 12.7 0.3
206.1 0.4 15.8 0.2 85.0 29.9 87.4 145.4 3.4 0.6
52.3 0.1 3.3 0.1 21.7 8.5 27.6 50.8 1.3 0.7
126775.0 0.1 49.1 0.1 23.0 7.3 17.6 36.2 1.1 0.0
77976.0 0.1 68.3 0.2 33.0 8.8 16.6 33.4 1.0 0.0
386650.0 0.1 188.0 0.1 24.7 8.4 15.8 31.5 1.3 0.0
7374.9 0.2 4.5 0.1 7.4 3.3 9.2 22.3 0.7 0.0
381.2 0.3 1.7 0.1 10.1 5.1 11.7 30.0 1.0 0.1
52.2 0.3 0.6 0.1 2.9 1.4 3.8 9.7 0.3 0.3
48.3 0.2 0.7 0.1 3.2 1.6 4.3 10.9 0.4 0.3
30.2 0.3 0.5 0.1 2.0 1.0 2.6 6.9 0.3 0.3
36.2 0.2 0.6 0.1 3.7 2.2 5.4 13.7 0.3 0.4
18.3 0.2 0.3 0.1 1.0 0.5 1.4 3.9 0.2 0.3
28.7 0.4 0.4 0.2 1.3 0.7 1.8 5.3 0.2 0.3
20.5 0.2 0.2 0.1 0.8 0.4 1.1 3.0 0.1 0.2
17.8 0.1 0.3 0.0 1.2 0.7 1.5 4.3 0.2 0.3
19.3 0.3 0.2 0.1 0.6 0.3 0.7 2.0 0.1 0.2
22.5 0.2 0.3 0.1 1.2 0.8 1.9 5.3 0.2 0.3
14.3 0.1 0.2 0.0 0.6 0.4 1.0 3.0 0.1 0.3
22.2 0.2 0.3 0.1 0.8 0.4 0.9 2.9 0.2 0.2
19.4 0.1 0.2 0.0 0.6 0.4 0.9 2.8 0.1 0.2
15.4 0.3 0.3 0.1 0.7 0.3 0.8 2.6 0.2 0.3
16.9 0.1 0.3 0.1 0.7 0.4 0.9 2.9 0.2 0.2
15.7 0.1 0.2 0.1 0.4 0.2 0.4 1.3 0.1 0.1
18.2 0.9 0.5 0.4 0.7 0.2 0.5 1.6 0.1 0.2
16.7 0.3 0.3 0.1 0.5 0.2 0.5 1.6 0.1 0.2
15.9 0.3 0.2 0.1 0.5 0.2 0.5 1.5 0.1 0.2
10.7 0.1 0.2 0.0 0.4 0.2 0.4 1.3 0.1 0.2
15.8 0.2 0.3 0.1 0.5 0.2 0.5 1.5 0.1 0.2
17.2 0.2 0.3 0.1 0.5 0.2 0.5 1.6 0.1 0.2
491.8 0.3 16.0 0.2 10.8 2.1 4.3 1.2 0.7 0.1
26.0 0.2 1.2 0.1 1.2 0.2 0.7 0.2 0.3 0.1
18.2 0.2 0.7 0.1 0.8 0.1 0.5 0.2 0.3 0.1
17.8 0.3 0.6 0.1 0.7 0.1 0.4 0.1 0.2 0.1
25.0 0.7 1.0 0.3 1.2 0.1 0.6 0.1 0.3 0.1
27.9 0.9 1.0 0.3 1.1 0.1 0.6 0.1 0.3 0.1
14.7 0.4 0.6 0.1 0.7 0.1 0.4 0.1 0.2 0.2
17.1 0.4 0.5 0.2 0.7 0.1 0.4 0.1 0.2 0.1
20.6 0.6 0.7 0.3 0.6 0.1 0.4 0.0 0.3 0.1
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8.6 0.2 0.1 0.1 0.3 0.1 0.3 0.7 0.1 0.2
9.7 0.2 0.1 0.1 0.3 0.2 0.6 1.0 0.1 0.2
14.7 0.3 0.3 0.1 0.5 0.2 0.4 1.2 0.1 0.2
233811.0 0.1 301.4 0.1 79.8 1.4 2.6 1.9 0.6 0.0
203774.0 0.3 311.0 0.1 94.1 1.7 3.1 1.9 0.8 0.0
232825.0 0.1 304.8 0.1 78.6 1.3 2.1 1.0 0.5 0.0
6381.0 0.3 8.2 0.1 2.7 0.2 0.5 1.0 0.1 0.0
124.3 0.2 0.5 0.1 0.4 0.1 0.3 0.5 0.1 0.0
52.6 0.2 0.2 0.1 0.3 0.1 0.2 0.4 0.0 0.0
331.0 0.2 3.2 0.1 0.4 0.1 0.2 0.4 0.1 0.0
21419.0 0.1 8.2 0.1 0.9 0.1 0.2 0.3 0.1 0.0
251840.0 0.0 21.7 0.0 4.6 0.6 1.5 0.0 0.3 0.0
3982.2 0.2 0.5 0.1 0.3 0.1 0.2 0.0 0.1 0.0
169.3 0.2 0.2 0.1 0.3 0.1 0.3 0.5 0.1 0.0
20.1 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.0 0.0
19.5 0.1 0.1 0.0 0.2 0.0 0.1 0.2 0.0 0.0
18.1 0.2 0.1 0.0 0.3 0.0 0.2 0.2 0.1 0.1
12.1 0.1 0.1 0.1 0.2 0.0 0.1 0.2 0.0 0.1
9.7 0.1 0.2 0.0 0.3 0.2 0.6 1.2 1.5 0.3
9.7 0.1 0.2 0.1 0.3 0.2 0.7 1.3 1.8 0.3
9.9 0.1 0.2 0.0 0.2 0.1 0.4 0.8 1.0 0.2
10.3 0.1 0.3 0.0 0.4 0.2 0.7 1.2 1.5 0.3
11.3 0.1 0.2 0.0 0.3 0.3 1.0 1.8 2.2 0.3
13.0 0.1 0.2 0.0 0.3 0.1 0.5 0.9 1.1 0.2
10.9 0.5 0.4 0.2 0.4 0.2 0.8 1.1 1.5 0.3
8.6 0.4 0.3 0.2 0.3 0.1 0.4 0.7 0.9 0.3
8.1 0.2 0.2 0.1 0.2 0.1 0.3 0.6 0.7 0.2
9.6 0.3 0.2 0.1 0.2 0.1 0.4 0.4 0.6 0.2
12.1 0.4 0.3 0.2 0.2 0.1 0.4 0.5 0.7 0.2
13.9 0.3 0.2 0.1 0.2 0.1 0.3 0.4 0.5 0.1
10.6 0.4 0.2 0.1 0.3 0.1 0.4 0.5 0.7 0.2
11.1 0.3 0.2 0.1 0.3 0.1 0.3 0.4 0.5 0.2
21.7 0.3 0.3 0.1 0.3 0.1 0.4 0.6 0.8 0.1
6.9 0.4 0.6 0.2 0.8 0.1 0.4 0.0 0.3 0.3
8.8 0.6 0.7 0.3 0.9 0.1 0.5 0.0 0.3 0.3
6.0 0.1 0.3 0.1 0.4 0.1 0.2 0.1 0.1 0.2
13.7 0.4 0.2 0.2 0.2 0.1 0.5 0.0 0.7 0.1
14.5 0.4 0.2 0.2 0.2 0.1 0.3 0.0 0.6 0.1
15.7 0.3 0.2 0.1 0.2 0.1 0.4 0.5 0.7 0.1
5.8 0.4 0.3 0.1 0.3 0.1 0.4 0.4 0.5 0.3
6.1 0.3 0.2 0.0 0.3 0.1 0.3 0.3 0.4 0.2
8.2 0.3 0.3 0.1 0.3 0.1 0.3 0.4 0.5 0.2
8.1 0.7 0.8 0.3 0.9 0.1 0.5 0.1 0.2 0.3
8.8 0.5 0.9 0.2 1.1 0.1 0.5 0.2 0.3 0.3
7.2 0.2 0.5 0.1 0.7 0.1 0.4 0.1 0.2 0.2
6.1 0.5 0.6 0.3 0.6 0.1 0.3 0.1 0.1 0.3
8.2 0.3 0.6 0.2 0.7 0.1 0.4 0.1 0.2 0.2
10.8 0.2 0.7 0.2 0.7 0.1 0.4 0.1 0.2 0.2
714.6 0.3 20.6 0.0 0.6 0.1 0.2 0.2 0.1 0.0
795.9 0.2 22.0 0.0 0.5 0.1 0.2 0.2 0.1 0.0
111897.0 0.1 80.8 0.0 1.8 0.2 0.3 0.2 0.1 0.0
3779.0 0.2 2.7 0.0 0.3 0.1 0.5 1.3 0.1 0.0
134.0 0.2 0.3 0.1 0.2 0.1 0.3 0.7 0.1 0.0
42.1 0.1 0.2 0.1 0.3 0.1 0.5 0.9 0.1 0.1
19.6 0.2 0.1 0.1 0.2 0.1 0.2 0.4 0.1 0.1
16.9 0.2 0.1 0.1 0.2 0.0 0.2 0.2 0.0 0.1
21.7 0.1 0.4 0.1 0.2 0.0 0.2 0.1 0.0 0.0
158.9 0.3 0.4 0.1 0.3 0.1 0.2 0.2 0.1 0.0
12095.0 0.2 36.9 0.1 1.4 0.1 0.1 0.1 0.0 0.0
219492.0 0.1 220.4 0.1 15.5 3.8 1.5 0.5 0.2 0.0
16.2 1.6 1.3 0.8 1.0 0.1 0.3 0.1 0.1 0.2
6.9 0.2 0.2 0.1 0.3 0.0 0.1 0.0 0.1 0.1
9.6 0.1 0.3 0.1 0.3 0.0 0.2 0.1 0.1 0.1
6.4 0.3 0.4 0.1 0.4 0.0 0.2 0.1 0.2 0.2
8.7 0.3 0.4 0.2 0.4 0.1 0.2 0.1 0.1 0.2
9.8 0.2 0.3 0.1 0.3 0.0 0.2 0.1 0.1 0.1
16.0 1.2 1.1 0.6 0.8 0.1 0.3 0.1 0.1 0.2
9.6 0.2 0.3 0.1 0.3 0.0 0.2 0.0 0.1 0.1
12.3 0.3 0.3 0.1 0.3 0.0 0.2 0.1 0.1 0.1
8.4 0.2 0.3 0.1 0.3 0.0 0.2 0.1 0.1 0.1
10.1 0.4 0.4 0.2 0.3 0.0 0.2 0.1 0.1 0.1
10.4 0.1 0.2 0.0 0.3 0.0 0.1 0.0 0.1 0.1
6.5 0.2 0.1 0.1 0.2 0.0 0.2 0.2 0.3 0.2
10.8 0.5 0.3 0.1 0.4 0.1 0.7 0.3 0.5 0.2
10.5 0.2 0.1 0.1 0.2 0.0 0.2 0.2 0.3 0.1
18.6 0.4 0.3 0.2 0.2 0.1 0.4 0.4 0.5 0.1
29.6 0.3 0.4 0.1 0.2 0.1 0.4 0.4 0.5 0.1
41.2 0.4 0.4 0.2 0.3 0.1 0.3 0.3 0.4 0.1
8.9 0.3 0.2 0.1 0.2 0.1 0.2 0.2 0.3 0.2
8.1 0.2 0.1 0.0 0.2 0.0 0.2 0.1 0.2 0.1
8.7 0.2 0.1 0.1 0.1 0.0 0.1 0.1 0.2 0.1
10.0 0.4 0.2 0.0 0.4 0.1 0.3 0.3 0.4 0.2
10.7 0.4 0.3 0.1 0.4 0.1 0.3 0.2 0.3 0.2
12.6 0.3 0.2 0.1 0.3 0.1 0.3 0.2 0.3 0.1
11.2 0.5 0.3 0.1 0.4 0.1 0.4 0.4 0.5 0.2
11.1 0.4 0.2 0.0 0.3 0.0 0.3 0.2 0.3 0.1
14.2 0.4 0.2 0.1 0.3 0.0 0.3 0.3 0.4 0.1
38.0 0.5 0.3 0.1 0.5 0.1 0.6 0.3 0.4 0.1
51.6 0.3 0.2 0.1 0.3 0.1 0.3 0.2 0.3 0.0
77.5 0.4 0.2 0.1 0.3 0.1 0.3 0.2 0.4 0.0
9.6 0.3 0.2 0.1 0.3 0.0 0.2 0.1 0.3 0.1
10.7 0.4 0.2 0.2 0.3 0.1 0.3 0.2 0.3 0.1
10.2 0.3 0.1 0.1 0.2 0.0 0.2 0.1 0.2 0.1
4.5 0.1 0.2 0.0 0.2 0.1 0.3 0.2 0.3 0.2
4.7 0.1 0.2 0.0 0.2 0.1 0.3 0.3 0.5 0.3
3.6 0.2 0.1 0.1 0.2 0.0 0.2 0.2 0.3 0.2
8.6 0.2 0.1 0.0 0.2 0.1 0.2 0.2 0.3 0.1
15.5 0.2 0.2 0.0 0.2 0.1 0.5 0.2 0.3 0.1
19.9 0.4 0.2 0.1 0.3 0.1 0.4 0.3 0.4 0.1
6.7 0.5 0.4 0.1 0.4 0.1 0.5 0.4 0.5 0.3
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6.6 0.4 0.3 0.2 0.2 0.1 0.3 0.2 0.4 0.2
11.5 0.7 0.4 0.3 0.3 0.1 0.5 0.4 0.6 0.2
4.2 0.2 0.2 0.0 0.2 0.1 0.4 0.3 0.4 0.3
4.5 0.2 0.2 0.1 0.2 0.1 0.4 0.2 0.3 0.3
2.8 0.1 0.1 0.1 0.1 0.0 0.1 0.1 0.2 0.2
3.9 0.1 0.1 0.0 0.1 0.0 0.1 0.1 0.2 0.2
5.1 0.1 0.1 0.0 0.1 0.0 0.2 0.2 0.3 0.2
7.2 0.1 0.1 0.0 0.1 0.0 0.2 0.2 0.3 0.1
3.4 0.1 0.1 0.0 0.1 0.0 0.2 0.1 0.2 0.2
4.4 0.2 0.1 0.0 0.1 0.0 0.2 0.1 0.3 0.2
6.3 0.1 0.1 0.1 0.2 0.0 0.2 0.2 0.2 0.2
2724.5 0.1 3.1 0.1 0.3 0.1 0.1 0.1 0.0 0.0
421.6 0.1 2.3 0.0 0.3 0.1 0.1 0.1 0.1 0.0
159204.0 0.1 6.8 0.1 4.5 0.7 1.0 0.8 0.5 0.0
3.7 0.2 0.3 0.1 0.3 0.0 0.1 0.0 0.1 0.2
5.3 0.2 0.2 0.1 0.2 0.0 0.1 0.0 0.1 0.1
9.3 0.2 0.2 0.1 0.3 0.0 0.2 0.1 0.1 0.1
12.6 1.1 0.9 0.5 0.8 0.1 0.2 0.0 0.1 0.2
17.2 0.9 0.9 0.4 0.8 0.1 0.2 0.1 0.1 0.2
8.8 0.3 0.3 0.1 0.3 0.1 0.1 0.1 0.2 0.1
4.3 0.2 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.2
5.9 0.2 0.3 0.1 0.3 0.0 0.1 0.1 0.1 0.2
8.8 0.2 0.2 0.1 0.2 0.0 0.1 0.0 0.1 0.1
10.5 0.2 0.3 0.1 0.4 0.1 0.2 0.1 0.1 0.1
13.0 0.3 0.3 0.1 0.3 0.1 0.2 0.0 0.1 0.1
12.0 0.3 0.3 0.1 0.3 0.0 0.1 0.1 0.1 0.1
4.9 0.2 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.2
7.9 0.3 0.4 0.1 0.4 0.0 0.2 0.1 0.1 0.2
9.4 0.2 0.4 0.1 0.4 0.1 0.2 0.1 0.1 0.1
7.9 0.2 0.3 0.1 0.4 0.0 0.2 0.1 0.1 0.1
10.7 0.5 0.4 0.2 0.4 0.1 0.2 0.1 0.1 0.2
8.5 0.2 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.1
192685.0 0.2 317.8 0.2 5.7 0.9 1.6 1.0 0.2 0.0
940653.0 0.1 703.9 0.1 2.1 0.3 0.5 0.3 0.1 0.0
978530.0 0.1 507.8 0.0 0.8 0.0 0.1 0.0 0.0 0.0
37314.0 0.1 98.0 0.1 3.1 0.5 0.3 0.3 0.1 0.0
377878.0 0.1 1086.8 0.1 55.9 15.3 12.7 22.6 1.9 0.0
131413.0 0.1 188.6 0.1 77.3 14.7 3.5 4.9 1.3 0.0
146347.0 0.2 50.6 0.2 7.0 0.8 1.7 0.4 0.2 0.0
207735.0 0.1 59.1 0.1 3.8 0.2 1.3 0.1 0.1 0.0
92792.0 0.1 24.3 0.1 3.1 0.2 1.2 0.3 0.2 0.0
195139.0 0.3 7050.9 0.1 1598.0 584.6 1038.8 483.2 180.0 0.1
220472.0 0.1 9350.3 0.5 32552.0 12370.0 8687.2 1730.5 635.7 0.2
115804.0 0.2 1853.2 0.4 1772.6 632.3 647.4 170.8 68.3 0.0
2223.6 0.3 39.7 0.2 93.0 43.0 42.9 11.5 6.1 0.1
88.6 0.3 2.4 0.1 10.4 5.5 6.8 2.3 1.3 0.2
57.7 0.4 1.1 0.1 5.6 3.0 4.1 1.5 1.0 0.2
8.0 0.6 0.3 0.2 0.6 0.1 0.5 0.2 0.3 0.3
7.3 0.4 0.2 0.1 0.3 0.1 0.2 0.2 0.3 0.2
7.8 0.4 0.2 0.1 0.3 0.1 0.3 0.2 0.3 0.2
145360.0 0.1 6.2 0.2 3.8 0.4 1.2 0.4 0.7 0.0
139027.0 0.3 4.8 0.2 2.6 0.2 0.9 0.3 0.5 0.0
108004.0 0.4 3.9 0.2 2.6 0.2 0.9 0.3 0.5 0.0
1380.9 0.2 0.2 0.0 0.3 0.0 0.2 0.1 0.2 0.0
67.7 0.2 0.2 0.1 0.2 0.0 0.2 0.1 0.2 0.0
36.7 0.5 0.3 0.1 0.3 0.1 0.2 0.2 0.3 0.0
21.8 0.4 0.2 0.1 0.3 0.0 0.3 0.1 0.2 0.1
37.8 0.3 0.2 0.1 0.3 0.1 0.3 0.2 0.3 0.0
174.4 0.3 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.0
23.4 0.6 0.5 0.2 0.5 0.1 0.3 0.2 0.3 0.1
19.9 0.6 0.4 0.2 0.3 0.1 0.3 0.2 0.4 0.1
23.6 0.5 0.4 0.2 0.3 0.1 0.3 0.2 0.3 0.1
640716.0 0.1 2073.4 0.1 253.9 189.0 200.3 433.5 0.9 0.0
128413.0 0.1 291.7 0.1 286.2 225.4 241.3 524.2 0.6 0.0
157221.0 0.2 405.1 0.2 377.1 292.4 313.9 820.8 0.5 0.0
151961.0 0.2 48.5 0.1 6.6 4.5 4.9 9.9 0.1 0.0
290274.0 0.7 98.6 0.2 6.9 2.8 4.2 8.8 0.2 0.0
128660.0 0.1 52.6 0.1 3.1 0.6 1.0 1.4 0.1 0.0
591155.0 0.4 114792.0 0.8 157281.0 38897.0 93804.0 48575.0 38362.0 0.5
4956.3 0.2 635.4 0.3 738.2 148.1 364.6 178.3 145.4 0.3
283601.0 0.2 39504.0 0.2 44239.0 10938.0 27599.0 11488.0 8520.7 0.3
641045.0 4.3 255900.0 0.9 405048.0 78936.0 183906.0 57005.0 40890.0 0.6
12.8 0.3 0.2 0.0 0.3 0.0 0.2 0.1 0.2 0.1
20.9 0.3 0.1 0.1 0.2 0.0 0.1 0.1 0.2 0.0
29.0 0.3 0.2 0.1 0.3 0.0 0.4 0.1 0.2 0.1
9802.5 0.1 4949.2 0.2 4889.1 942.6 2643.3 811.1 682.6 0.6
315.9 0.3 157.9 0.3 416.3 126.1 411.1 226.3 211.6 0.8
71.8 0.3 34.5 0.1 121.0 43.2 158.1 100.7 100.1 0.9
45.0 0.3 15.7 0.1 60.4 23.2 90.8 65.7 70.4 0.9
37.6 0.1 9.9 0.0 39.9 16.1 62.7 47.4 51.4 0.9
34.8 0.2 4.4 0.1 17.0 7.0 27.8 22.2 25.5 0.7
67.7 1.0 5.1 0.2 18.1 7.7 30.4 24.5 27.9 0.6
29.7 0.2 3.0 0.1 11.8 5.2 19.8 16.1 18.5 0.7
29.2 0.2 2.2 0.1 8.1 3.6 14.0 11.6 13.4 0.6
10.0 1.3 0.7 0.8 0.3 0.0 0.2 0.0 0.2 0.3
12.0 0.4 0.2 0.2 0.1 0.0 0.1 0.0 0.1 0.1
6.0 0.6 0.3 0.3 0.2 0.0 0.1 0.1 0.1 0.2
10.0 0.4 0.3 0.2 0.3 0.0 0.4 0.0 0.2 0.2
18.0 0.7 0.4 0.4 0.4 0.0 0.1 0.0 0.2 0.1
48.0 1.5 1.1 0.7 0.6 0.0 0.3 0.0 0.2 0.1
744.0 1.2 15.8 0.6 1.2 0.2 0.3 0.1 0.3 0.0
1179.0 0.4 29.3 0.2 3.5 7.9 1.9 0.6 0.8 0.0
15627.0 0.2 34.0 0.2 3.5 6.6 1.7 0.7 0.7 0.0
66.0 0.3 0.3 0.2 0.3 0.0 0.4 0.3 0.4 0.0
14.0 0.2 0.2 0.2 0.2 0.0 0.4 0.1 0.1 0.1
60.0 0.2 0.5 0.1 0.3 0.0 0.0 0.8 1.5 0.1
29.0 0.4 0.3 0.2 0.3 0.0 1.9 0.0 3.3 0.2
23.0 0.2 0.3 0.2 0.2 0.0 0.0 0.0 0.0 0.0
31944.0 0.2 1.7 0.2 2.0 0.4 1.1 0.5 0.5 0.0
437.0 0.1 73.9 0.2 2.2 1.0 0.0 0.4 0.1 0.2
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527.0 0.1 16.7 0.1 1.2 0.3 0.1 0.2 0.1 0.0
95.0 0.3 2.4 0.2 0.6 0.2 0.2 0.0 0.1 0.0
26.0 1.1 0.8 0.7 0.3 0.0 0.1 0.0 0.0 0.1
413.0 0.1 8.2 0.1 0.4 0.0 0.3 0.0 0.0 0.0
27569.0 0.0 116.0 0.1 6.0 0.3 0.3 1.0 0.7 0.0
14.0 0.8 0.8 0.4 0.6 0.0 0.3 0.0 0.0 0.2
8.0 0.4 0.5 0.2 0.3 0.0 0.2 0.0 0.1 0.2
10.0 0.3 0.3 0.2 0.2 0.0 0.0 0.0 0.1 0.1
8.0 0.3 0.4 0.2 0.3 0.0 0.0 0.0 0.0 0.1
5.0 0.1 0.1 0.1 0.2 0.0 0.0 0.0 0.0 0.1
11.0 1.2 0.9 0.7 0.5 0.0 0.3 0.0 0.1 0.2
8.0 0.2 0.2 0.1 0.2 0.0 0.0 0.0 0.1 0.1
6.0 0.2 0.3 0.2 0.3 0.0 0.0 0.0 0.0 0.1
9.0 0.2 0.2 0.1 0.2 0.0 0.0 0.0 0.0 0.1
5.0 0.2 0.3 0.1 0.2 0.0 0.0 0.0 0.0 0.1
5.0 0.1 0.3 0.1 0.2 0.0 0.0 0.0 0.0 0.1
17.0 0.9 0.9 0.5 0.6 0.0 0.2 0.0 0.0 0.2
3.0 0.2 0.1 0.1 0.4 0.0 0.0 0.0 0.0 0.2
5.0 0.4 0.2 0.2 0.4 0.0 0.0 0.0 0.0 0.2
4.0 0.1 0.2 0.1 0.2 0.0 0.0 0.0 0.1 0.2
9.0 0.5 0.3 0.3 0.4 0.0 0.1 0.0 0.2 0.2
13.0 0.6 0.4 0.3 0.6 0.0 0.1 0.0 0.0 0.1
9.0 0.2 0.2 0.1 0.4 0.0 0.1 0.0 0.0 0.1
5.0 0.2 0.2 0.1 0.3 0.0 0.0 0.0 0.0 0.1
12.0 0.6 0.5 0.3 0.5 0.0 0.1 0.0 0.6 0.2
6.0 0.1 0.2 0.1 0.3 0.0 0.1 0.0 0.1 0.1
12.0 0.1 0.2 0.1 0.2 0.0 0.0 0.0 0.0 0.0
111.0 0.2 1.0 0.1 0.3 0.0 0.2 0.2 0.0 0.0
12.0 0.2 0.2 0.1 0.1 0.0 0.1 0.2 0.1 0.1
6.0 0.2 0.2 0.1 0.3 0.0 0.0 0.0 0.0 0.1
8.0 0.3 0.2 0.2 0.3 0.0 0.1 0.0 0.0 0.1
10.0 0.4 0.2 0.2 0.4 0.0 0.1 0.0 0.1 0.1
10.0 0.2 0.2 0.1 0.3 0.0 0.1 0.0 0.3 0.1
12.0 0.2 0.2 0.1 0.3 0.0 0.2 0.0 0.2 0.1
19.0 0.1 0.2 0.1 0.3 0.0 0.1 0.0 0.2 0.0
13.0 0.4 0.5 0.3 0.5 0.0 0.2 0.0 0.5 0.2
12.0 0.2 0.2 0.2 0.4 0.0 0.0 0.0 0.0 0.1
15.0 0.5 0.3 0.3 0.4 0.0 0.0 0.0 0.0 0.1
23.0 0.6 0.2 0.3 0.4 0.0 0.1 6.1 0.0 0.2
30.0 0.5 0.2 0.3 0.4 0.0 0.1 0.0 0.0 0.0
500.0 0.4 0.7 0.2 0.5 0.0 0.1 0.0 0.0 0.0
42523.0 0.0 21.7 0.0 0.7 0.0 0.2 0.0 0.0 0.0
25648.0 0.0 9.2 0.0 0.6 0.0 0.1 0.0 0.0 0.0
75622.0 0.1 18.6 0.0 0.8 0.0 0.2 0.1 0.2 0.0
728.0 0.3 0.4 0.2 0.2 0.0 0.1 0.0 0.0 0.0
100.0 2.4 1.8 1.1 1.1 0.0 0.6 0.0 0.3 0.1
36.0 0.2 0.2 0.1 0.2 0.0 0.1 0.0 0.0 0.0
17.0 0.1 0.1 0.1 0.2 0.0 0.1 0.0 0.0 0.0
14.0 0.1 0.1 0.1 0.2 0.0 0.1 0.0 0.0 0.0
19.0 0.3 0.3 0.2 0.4 0.0 0.1 0.0 0.0 0.1
809.0 0.3 2.6 0.1 3.4 0.0 0.6 0.1 0.1 0.0
21479.0 0.4 2.2 0.2 2.3 0.2 0.6 0.2 0.1 0.0
51237.0 0.1 2.7 0.0 3.0 0.4 0.8 0.2 0.1 0.0
44386.0 0.1 2.2 0.0 1.8 0.5 0.9 0.4 0.3 0.0
72536.0 0.2 4.0 0.1 3.0 0.7 1.5 0.6 0.4 0.0
93080.0 0.2 3.4 0.1 1.3 0.2 0.5 0.0 0.1 0.0
17.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
152.0 0.1 0.4 0.0 0.1 0.0 0.0 0.0 0.0 0.0
12266.0 0.1 37.3 0.0 1.8 0.0 0.0 0.0 0.0 0.0
1726.0 0.2 1.3 0.0 1.9 4.8 0.0 5.2 0.0 0.0
43231.0 0.2 61.5 0.0 155.0 436.0 3.0 178.7 0.0 0.0
34439.0 0.1 54.5 0.0 145.6 485.9 2.8 162.8 0.0 0.0
872.0 0.3 7.5 0.1 1.2 1.5 0.0 1.0 0.0 0.0
80947.0 0.1 166.0 0.0 46.2 1.4 2.1 0.2 0.1 0.0
61129.0 0.1 218.1 0.0 65.4 2.3 1.5 0.3 0.0 0.0
1536.0 0.3 30.6 0.3 1.6 0.0 1.2 0.1 0.1 0.0
13.0 0.3 0.1 0.2 0.4 0.0 0.1 0.0 0.0 0.1
15.0 0.3 0.1 0.1 0.2 0.0 0.0 0.1 0.1 0.1
45.0 0.2 0.3 0.1 0.4 0.0 0.0 0.0 0.0 0.0
63.0 0.1 0.3 0.1 0.4 0.0 0.0 0.0 0.0 0.0
73.0 0.1 0.5 0.1 0.5 0.0 0.0 0.0 0.0 0.0
10.0 0.3 0.1 0.1 0.2 0.0 0.0 0.0 0.0 0.1
12.0 0.3 0.1 0.1 0.4 0.0 0.0 0.1 0.0 0.1
13.0 0.4 0.1 0.2 0.4 0.0 0.1 0.0 0.0 0.1
13.0 0.3 0.1 0.1 0.2 0.0 0.0 0.0 0.1 0.1
14.0 0.3 0.1 0.1 0.2 0.0 0.0 0.5 0.0 0.1
17.0 0.5 0.3 0.2 0.4 0.0 0.1 0.8 0.4 0.1
22.0 0.3 0.3 0.2 0.4 0.0 0.0 0.0 0.0 0.1
20.0 0.5 0.3 0.3 0.4 0.0 0.0 0.0 0.0 0.1
25.0 0.4 0.4 0.3 0.5 0.0 0.0 0.0 0.0 0.1
145.0 0.1 0.8 0.1 0.4 0.0 0.0 0.0 0.0 0.0
272.0 0.1 2.9 0.1 0.4 0.0 0.0 0.0 0.0 0.0
1199.0 0.1 18.7 0.1 1.6 0.8 0.1 0.4 0.0 0.0
6.0 0.4 0.1 0.1 0.2 0.0 0.1 0.0 0.0 0.1
7.0 0.3 0.3 0.1 0.3 0.0 0.2 0.0 0.1 0.1
7.0 0.4 0.2 0.1 0.3 0.0 0.1 0.6 0.7 0.2
17660.0 1.7 8682.1 0.0 23992.0 12103.0 26658.0 16885.0 18280.0 0.9
35066.0 0.5 56386.0 0.0 103744.0 34458.0 67063.0 34044.0 34626.0 0.9
18718.0 0.2 42160.0 0.1 82034.0 28936.0 56148.0 27211.0 27051.0 0.9
12383.0 0.1 27243.0 0.1 73504.0 29420.0 58974.0 32014.0 31793.0 1.0
15.0 0.2 0.1 0.1 0.3 0.0 0.0 0.2 0.2 0.1
20.0 0.2 0.1 0.1 0.3 0.0 0.0 1.3 0.4 0.1
20730.0 0.1 1.2 0.1 0.2 0.0 0.0 0.0 0.0 0.0
263.0 0.2 0.1 0.1 0.3 0.0 0.0 0.0 0.0 0.0
28.0 0.3 0.1 0.1 0.4 0.0 0.1 0.0 0.0 0.0
16.0 0.2 0.1 0.1 0.5 0.0 0.1 1.1 0.5 0.1
270.0 0.1 113.2 0.2 355.1 176.9 458.0 515.8 642.3 0.9
324.0 0.1 22.7 0.1 47.7 27.0 101.6 108.2 150.2 0.6
832.0 0.1 65.3 0.1 26.4 12.3 49.3 49.9 91.6 0.3
94376.0 0.1 9532.0 0.1 7626.6 15753.0 2864.4 11954.0 120.3 0.3
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51833.0 0.2 7746.2 0.0 17424.0 21117.0 10195.0 18713.0 409.3 0.6
32587.0 0.1 9573.9 0.0 65539.0 43117.0 40269.0 28477.0 19070.0 0.9
148353.0 0.1 84.1 0.0 201.4 166.8 162.1 205.6 136.1 0.0
113932.0 0.1 57.5 0.1 47.2 39.6 62.1 102.1 72.0 0.0
83185.0 0.2 65.6 0.1 32.1 15.2 32.1 42.0 35.5 0.0
46.0 0.5 0.1 0.3 0.5 0.0 0.1 0.0 0.0 0.0
19.0 0.7 0.2 0.3 0.5 0.0 0.1 0.0 0.1 0.1
20.0 0.7 0.2 0.4 0.5 0.0 0.1 0.0 0.1 0.1
104347.0 0.2 3822.5 0.0 2826.1 2020.7 3244.9 4997.8 2197.2 0.2
113334.0 0.1 3721.6 0.0 2432.2 1615.3 2633.1 3858.7 1332.0 0.1
109522.0 0.1 4573.2 0.2 3972.5 2957.5 4981.5 7018.1 3093.3 0.2
135.0 0.1 0.9 0.1 0.4 0.0 0.1 0.1 0.0 0.0
217.0 0.1 2.6 0.1 0.4 0.0 0.1 0.0 0.0 0.0
363.0 0.2 4.1 0.1 0.5 0.0 0.1 0.1 0.1 0.0
33.0 0.5 0.2 0.2 0.3 0.0 0.1 0.1 0.1 0.0
75.0 0.6 0.1 0.3 0.3 0.0 0.1 0.0 0.1 0.0
7740.0 0.2 0.6 0.1 0.3 0.0 0.1 0.2 0.4 0.0
583.0 0.3 24.8 0.1 28.9 23.2 32.2 97.3 46.7 0.3
74.0 0.2 4.6 0.0 10.1 7.1 16.1 35.5 19.8 0.6
459.0 0.1 3.2 0.0 7.2 2.7 7.2 10.2 9.0 0.1
96.0 0.7 0.3 0.3 0.5 0.0 0.2 0.0 0.4 0.0
113.0 0.3 0.2 0.1 0.4 0.0 0.3 0.0 1.0 0.0
38276.0 0.1 4.2 0.0 2.5 0.1 0.3 2.0 0.6 0.0
15025.0 0.1 89.3 0.1 15.7 4.7 6.9 8.9 9.3 0.0
85654.0 0.0 322.5 0.0 21.8 11.6 6.8 6.7 6.0 0.0
54960.0 0.2 388.3 0.0 203.3 238.0 17.7 21.8 7.9 0.0
47728.0 0.2 2864.8 0.1 6228.2 3063.5 2935.0 3506.5 139.4 0.3
48406.0 0.6 2214.8 0.1 6281.1 3872.6 2935.1 2794.9 488.5 0.3
50140.0 0.2 6432.0 0.0 21462.0 12328.0 28590.0 27391.0 4039.1 0.7
404.0 0.7 48.4 0.2 182.7 124.1 252.0 389.6 67.8 0.7
29.0 0.2 3.4 0.1 14.8 10.8 36.0 63.4 11.4 0.8
22.0 0.3 1.2 0.1 4.3 2.6 11.2 18.4 5.0 0.7
210.0 0.2 0.1 0.1 0.2 0.0 0.2 0.5 0.4 0.0
41.0 0.4 0.1 0.2 0.3 0.0 0.1 0.0 0.9 0.0
23.0 0.4 0.1 0.2 0.3 0.0 0.1 0.8 0.7 0.1
20.0 0.4 2.2 0.2 6.0 3.3 12.2 16.9 5.8 0.7
17.0 0.3 1.3 0.1 3.8 1.2 7.7 9.3 3.9 0.6
14.0 0.4 0.9 0.2 2.4 0.8 4.4 5.3 2.7 0.5
91113.0 0.3 5307.4 0.1 5157.4 2609.1 2440.3 1541.3 250.8 0.2
1423.0 0.3 28.4 0.3 1.5 0.0 1.1 0.1 0.1 0.0
56974.0 0.4 4070.3 0.1 3195.0 1249.0 1186.1 5270.8 112.9 0.2
14.0 0.3 0.1 0.1 0.1 0.0 0.1 0.6 0.6 0.1
17.0 0.2 0.1 0.1 0.2 0.0 0.1 0.7 0.7 0.1
16.0 0.4 0.1 0.2 0.2 0.0 0.1 0.0 0.5 0.1
19069.0 0.1 1371.2 0.0 528.6 3159.9 112.0 5224.5 54.2 0.4
60653.0 0.2 8210.4 0.0 18494.0 12784.0 25639.0 21267.0 11290.0 0.6
75774.0 0.5 9070.7 0.0 20914.0 11427.0 33684.0 25545.0 20150.0 0.6
72811.0 0.2 176.6 0.1 111.0 80.3 212.6 219.7 214.0 0.0
43245.0 0.4 84.2 0.2 25.6 15.8 51.7 92.0 76.4 0.0
60611.0 1.2 103.1 0.6 20.8 9.4 28.0 43.0 38.6 0.0
450.0 0.6 4.7 0.3 6.8 5.4 16.6 24.0 21.9 0.2
155.0 0.1 6.1 0.1 5.8 10.4 20.3 28.3 27.2 0.4
168.0 0.2 5.5 0.1 2.7 1.7 5.1 7.0 6.3 0.1
19.0 0.1 2.4 0.0 8.6 9.8 22.7 32.5 23.1 0.8
47.0 0.9 2.0 0.4 2.1 0.6 3.6 2.9 3.5 0.3
96.0 0.7 4.6 0.3 4.0 1.3 4.6 5.3 5.5 0.2
3090.0 0.4 40.3 0.2 5.3 2.0 16.8 12.8 20.6 0.0
193398.0 0.1 105.9 0.0 12.2 4.6 3.9 1.9 1.0 0.0
124760.0 0.1 81.2 0.1 10.3 2.4 3.1 2.4 2.2 0.0
413.0 0.2 3.9 0.1 8.7 2.8 5.0 4.0 0.4 0.1
89.0 0.6 3.6 0.2 9.9 2.6 5.4 3.5 0.6 0.2
32.0 0.2 1.5 0.1 4.4 1.1 2.4 1.4 0.3 0.3
2.0 0.2 0.1 0.1 0.3 0.0 0.1 0.9 0.5 0.5
6.0 0.4 0.1 0.2 0.3 0.0 0.1 0.3 0.3 0.2
5.0 0.3 0.2 0.2 0.3 0.0 0.3 0.0 0.6 0.3
640.0 0.1 1.1 0.0 1.0 0.0 1.3 1.6 1.5 0.0
520.0 0.1 2.9 0.1 1.6 0.4 1.3 1.1 1.4 0.0
72011.0 0.1 330.6 0.1 26.5 69.9 9.8 9.3 2.0 0.0
65327.0 0.1 3056.3 0.0 12224.0 10460.0 1812.9 2249.6 2.0 0.3
56539.0 0.1 2825.4 0.0 9056.9 9532.2 3959.1 5891.0 7.6 0.4
57697.0 0.1 2332.0 0.0 6286.0 4431.5 1772.3 2821.1 26.2 0.2
92224.0 0.2 2056.4 0.0 991.5 495.1 271.7 1214.0 8.9 0.1
106511.0 0.1 2703.7 0.0 1277.4 588.7 331.4 1408.5 13.2 0.1
95326.0 0.2 3146.2 0.0 1996.6 1042.7 391.8 2506.5 4.0 0.1
57862.0 0.1 29.2 0.0 21.4 9.6 6.3 27.2 0.7 0.0
87110.0 0.1 19.5 0.1 11.5 2.3 2.7 11.7 0.6 0.0
55798.0 0.1 12.8 0.0 7.5 2.0 2.3 4.9 1.0 0.0
217.0 0.1 1.8 0.1 3.7 0.8 2.0 1.1 0.3 0.0
30.0 0.1 1.3 0.1 3.1 0.6 1.9 0.8 0.4 0.2
33.0 0.1 1.8 0.1 4.2 0.7 2.2 1.1 0.6 0.2
18.0 0.2 0.7 0.1 1.8 0.3 0.9 0.4 0.3 0.2
25.0 0.3 0.8 0.1 1.3 0.1 1.0 10.0 18.6 0.6
14.0 0.1 0.7 0.1 1.7 0.3 0.9 0.5 0.3 0.2
81433.0 0.1 6.8 0.1 3.7 1.4 2.6 3.9 1.3 0.0
86245.0 0.2 4.6 0.1 2.5 1.1 2.0 2.5 1.1 0.0
76920.0 0.1 5.0 0.1 2.3 0.8 1.8 1.7 0.9 0.0
207113.0 0.1 67.2 0.1 9.5 1.2 2.5 2.3 1.3 0.0
120031.0 0.1 43.7 0.1 11.3 1.2 2.3 1.8 1.2 0.0
617471.0 0.1 222.8 0.1 8.1 0.8 1.8 1.4 1.0 0.0
2641.0 1.2 2.3 0.3 1.6 0.4 1.0 1.1 0.9 0.0
153.0 0.2 0.5 0.1 0.9 0.2 0.7 0.7 0.6 0.0
94493.0 0.2 11.1 0.1 7.0 1.3 2.5 2.3 1.1 0.0
27.0 1.1 1.4 0.5 2.7 0.5 1.4 0.8 0.5 0.2
7.0 0.2 0.4 0.1 0.8 0.1 0.6 0.5 0.4 0.3
313.0 0.2 0.8 0.1 0.7 0.0 0.4 0.1 0.2 0.0
45.0 0.3 0.3 0.1 0.7 0.0 0.4 0.3 0.3 0.1
25.0 0.2 0.3 0.1 0.7 0.0 0.4 0.2 0.2 0.1
21.0 0.2 0.3 0.1 0.6 0.0 0.4 0.2 0.2 0.1
15.0 0.2 0.3 0.1 0.9 0.0 0.4 0.2 0.3 0.1
16.0 0.3 0.3 0.1 0.8 0.0 0.4 0.2 0.2 0.1
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19.0 0.3 0.3 0.1 0.9 0.0 0.5 0.5 0.3 0.1
86.0 0.5 0.4 0.2 0.9 0.0 0.8 0.9 0.7 0.0
87.0 0.2 0.2 0.1 0.6 0.0 0.3 0.2 0.3 0.0
30.0 0.2 0.2 0.1 0.6 0.0 0.3 0.2 0.2 0.1
12692.0 0.3 836.1 0.0 1116.6 427.5 1642.4 1167.2 1187.4 0.3
3008.0 0.2 153.7 0.0 139.3 36.4 127.9 78.1 91.8 0.2
2522.0 0.3 146.8 0.1 149.2 38.2 157.3 104.0 109.6 0.2
57.0 0.1 1.2 0.0 1.7 0.6 1.6 1.7 1.8 0.1
31.0 0.2 0.3 0.1 0.7 0.0 0.6 0.8 1.0 0.1
31.0 0.2 0.3 0.1 0.8 0.0 0.6 0.5 0.8 0.1
29.0 1.0 0.7 0.5 1.2 0.0 0.7 0.5 0.8 0.2
27.0 0.9 0.6 0.4 1.0 0.0 0.5 0.4 0.6 0.1
25.0 0.7 0.6 0.3 1.1 0.0 0.5 0.4 0.6 0.1
22.0 0.2 0.3 0.1 0.7 0.0 0.4 0.3 0.4 0.1
31.0 0.5 0.5 0.3 1.3 0.0 0.6 0.4 0.7 0.1
28.0 0.6 0.4 0.2 1.2 0.0 0.6 0.4 0.6 0.1
24.0 0.9 0.3 0.4 0.6 0.0 0.1 0.1 0.1 0.1
22.0 0.7 0.3 0.3 0.7 0.0 0.2 0.2 0.1 0.1
24.0 0.8 0.4 0.4 0.7 0.0 0.1 0.1 0.1 0.1
28.0 0.9 0.4 0.4 0.6 0.0 0.1 0.1 0.1 0.1
36.0 1.7 0.7 0.8 0.9 0.0 0.3 0.0 0.1 0.1
28.0 1.1 0.5 0.5 0.6 0.0 0.2 0.0 0.1 0.1
9.0 0.5 0.4 0.2 0.7 0.0 0.4 0.3 0.4 0.2
6.0 0.3 0.2 0.1 0.4 0.0 0.2 0.2 0.3 0.2
7.0 0.2 0.1 0.1 0.4 0.0 0.2 0.1 0.2 0.2
8.0 0.5 0.4 0.2 0.5 0.0 0.3 0.2 0.3 0.2
5.0 0.2 0.3 0.1 0.5 0.0 0.3 0.2 0.3 0.3
12.0 1.2 0.8 0.6 0.6 0.0 0.3 0.0 0.3 0.2
6.0 0.2 0.2 0.1 0.3 0.0 0.2 0.1 0.2 0.2
8.0 0.3 0.2 0.1 0.4 0.0 0.2 0.1 0.2 0.2
6.0 0.2 0.2 0.1 0.4 0.0 0.2 0.1 0.2 0.2
19.0 0.3 0.4 0.1 0.5 0.0 0.2 0.0 0.2 0.1
65.0 0.2 1.1 0.1 0.4 0.0 0.2 0.1 0.2 0.0
277.0 0.2 2.9 0.1 0.4 0.0 0.2 0.1 0.2 0.0
7.0 0.1 0.2 0.1 0.3 0.0 0.2 0.0 0.2 0.1
6.0 0.2 0.2 0.1 0.3 0.0 0.2 0.0 0.2 0.2
6.0 0.1 0.2 0.0 0.3 0.0 0.1 0.0 0.2 0.1
6.0 0.4 0.1 0.1 0.3 0.0 0.1 0.1 0.1 0.2
5.0 0.2 0.1 0.1 0.2 0.0 0.1 0.1 0.1 0.1
4.0 0.4 0.3 0.2 0.4 0.0 0.2 0.1 0.2 0.3
7.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.1 0.1
7.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.1 0.1
7.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.1 0.1
5.0 0.1 0.1 0.1 0.3 0.0 0.2 0.1 0.1 0.2
7.0 0.1 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.1
6.0 0.1 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.1
676.0 0.3 0.8 0.2 1.4 0.4 1.2 1.2 1.1 0.0
78456.0 0.3 10.4 0.1 7.7 1.6 3.0 2.8 1.3 0.0
70895.0 0.2 11.1 0.2 10.0 2.1 4.0 3.3 1.6 0.0
219.0 0.1 1.0 0.0 1.0 0.3 0.8 0.7 0.7 0.0
26.0 0.1 0.5 0.0 0.4 0.1 0.3 0.2 0.2 0.1
55.0 0.2 1.3 0.1 0.8 0.2 0.6 0.5 0.5 0.1
50131.0 0.1 496.0 0.0 110.4 44.6 79.7 54.0 23.6 0.0
46111.0 0.1 683.7 0.0 1181.0 672.3 1242.2 860.8 366.6 0.1
58321.0 0.2 610.3 0.0 386.1 469.9 271.3 539.9 106.6 0.0
28.0 0.3 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.0
107.0 0.2 0.2 0.1 0.4 0.0 0.2 0.2 0.2 0.0
48438.0 0.2 99.9 0.1 0.6 0.0 0.3 0.2 0.3 0.0
237.0 0.4 0.5 0.2 0.5 0.0 0.2 0.2 0.2 0.0
141.0 0.7 0.5 0.3 0.9 0.0 0.4 0.0 0.3 0.0
99.0 0.9 0.4 0.4 0.6 0.0 0.2 0.2 0.2 0.0
185754.0 0.2 14.6 0.1 6.7 2.1 2.8 5.8 2.7 0.0
151842.0 0.0 10.4 0.1 4.8 0.9 1.9 6.1 2.3 0.0
148997.0 0.4 10.9 0.3 5.3 1.0 2.1 1.7 1.2 0.0
21.0 0.5 0.2 0.2 0.5 0.0 0.1 0.2 0.2 0.1
15.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.1 0.1
20.0 0.4 0.2 0.2 0.5 0.0 0.2 0.1 0.2 0.1
18.0 0.5 0.3 0.2 0.4 0.0 0.1 0.1 0.1 0.1
13.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.1 0.1
14.0 0.2 0.2 0.1 0.4 0.0 0.1 0.1 0.1 0.1
750.0 0.2 0.4 0.1 0.8 0.2 0.6 0.7 0.7 0.0
100.0 0.2 0.4 0.1 0.7 0.0 0.6 0.5 0.6 0.0
64.0 0.2 0.3 0.1 0.7 0.0 0.6 0.4 0.5 0.0
149452.0 0.3 9.7 0.1 3.0 0.3 0.7 0.4 0.2 0.0
122585.0 0.2 9.9 0.2 3.5 0.4 0.9 0.6 0.2 0.0
95404.0 0.2 7.8 0.1 2.7 0.4 0.7 0.5 0.1 0.0
395.0 0.2 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.0
65.0 0.3 0.2 0.2 0.5 0.0 0.1 0.1 0.1 0.0
40.0 0.2 0.2 0.1 0.4 0.0 0.1 0.1 0.1 0.0
31.0 0.1 0.1 0.1 0.2 0.0 0.1 0.1 0.1 0.0
34.0 0.2 0.2 0.1 0.2 0.0 0.1 0.0 0.1 0.0
23.0 0.1 0.2 0.1 0.2 0.0 0.1 0.0 0.1 0.0
14.0 0.2 0.1 0.1 0.3 0.0 0.1 0.0 0.1 0.1
17.0 0.3 0.2 0.2 0.4 0.0 0.1 0.1 0.1 0.1
22.0 0.3 0.2 0.1 0.4 0.0 0.1 0.1 0.2 0.1
38.0 0.4 0.1 0.2 0.4 0.0 0.1 0.1 0.1 0.0
45.0 0.5 0.1 0.2 0.4 0.0 0.1 0.1 0.1 0.0
33.0 0.2 0.1 0.1 0.3 0.0 0.0 0.1 0.1 0.0
17.0 0.3 0.2 0.1 0.5 0.0 0.2 0.2 0.2 0.1
17.0 0.3 0.2 0.1 0.4 0.0 0.1 0.1 0.1 0.1
19.0 0.3 0.2 0.2 0.5 0.0 0.1 0.1 0.2 0.1
5.0 0.1 0.1 0.1 0.2 0.0 0.0 0.1 0.0 0.1
9.0 0.2 0.1 0.1 0.3 0.0 0.0 0.1 0.0 0.1
10.0 0.3 0.1 0.1 0.4 0.0 0.1 0.1 0.0 0.1
4.0 0.3 0.1 0.1 0.4 0.0 0.0 0.0 0.0 0.2
4.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.0 0.2
5.0 0.2 0.2 0.1 0.4 0.0 0.1 0.0 0.0 0.1
40.0 1.0 0.8 0.5 0.8 0.0 0.7 0.5 0.6 0.1
56.0 1.6 1.3 0.7 1.3 0.0 0.9 0.7 0.8 0.1
42.0 2.2 1.6 1.1 1.2 0.0 0.8 0.6 0.7 0.2
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6.0 0.2 0.1 0.1 0.4 0.0 0.0 0.0 0.1 0.1
7.0 0.4 0.1 0.2 0.3 0.0 0.1 0.1 0.1 0.2
9.0 0.4 0.3 0.2 0.4 0.0 0.1 0.0 0.0 0.1
11.0 0.6 0.3 0.3 0.4 0.0 0.1 0.0 0.1 0.1
10.0 0.2 0.1 0.1 0.2 0.0 0.1 0.1 0.0 0.1
13.0 0.4 0.2 0.2 0.3 0.0 0.1 0.1 0.1 0.1
8.0 0.3 0.2 0.1 0.4 0.0 0.1 0.0 0.1 0.1
14.0 0.7 0.4 0.3 0.4 0.0 0.2 0.0 0.1 0.1
11.0 0.3 0.3 0.1 0.3 0.0 0.2 0.1 0.1 0.1
7.0 0.9 0.3 0.4 0.4 0.0 0.1 0.0 0.1 0.2
4.0 0.4 0.2 0.2 0.4 0.0 0.1 0.1 0.1 0.3
7.0 1.0 0.3 0.5 0.6 0.0 0.2 0.0 0.1 0.3
8.0 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1
10.0 0.3 0.1 0.1 0.2 0.0 0.1 0.0 0.0 0.1
16.0 0.7 0.4 0.3 0.3 0.0 0.2 0.1 0.1 0.1
4.0 0.2 0.2 0.1 0.1 0.0 0.1 0.0 0.1 0.2
4.0 0.2 0.1 0.0 0.1 0.0 0.1 0.0 0.1 0.1
6.0 0.3 0.1 0.1 0.2 0.0 0.1 0.1 0.0 0.1
8.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.0 0.1
8.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.0 0.1
19.0 0.2 0.4 0.1 0.4 0.0 0.1 0.0 0.1 0.1
61.0 0.3 1.0 0.1 0.6 0.2 0.5 0.3 0.4 0.1
43.0 0.9 1.2 0.4 0.9 0.1 0.5 0.2 0.3 0.1
28.0 0.6 0.9 0.3 0.8 0.1 0.4 0.0 0.3 0.1
7.0 0.5 0.3 0.2 0.5 0.0 0.2 0.1 0.1 0.2
7.0 0.3 0.2 0.2 0.4 0.0 0.2 0.1 0.1 0.2
15.0 1.2 0.8 0.5 0.8 0.0 0.4 0.0 0.2 0.2
4.0 0.5 0.4 0.2 0.6 0.0 0.2 0.2 0.1 0.4
2.0 0.2 0.2 0.1 0.4 0.0 0.1 0.1 0.1 0.4
4.0 0.4 0.4 0.2 0.6 0.0 0.2 0.0 0.1 0.3
22.0 0.3 0.3 0.1 0.6 0.0 0.5 0.4 0.4 0.1
33.0 0.2 0.6 0.1 0.9 0.0 0.7 0.6 0.7 0.1
32.0 0.3 0.4 0.1 0.7 0.0 0.6 0.4 0.6 0.1
22.0 0.3 0.3 0.1 0.5 0.0 0.4 0.3 0.4 0.1
25.0 0.4 0.3 0.2 0.5 0.0 0.3 0.3 0.3 0.1
166.0 0.1 0.8 0.1 0.7 0.0 0.4 0.2 0.3 0.0
15.0 0.4 0.2 0.2 0.4 0.0 0.1 0.1 0.1 0.1
13.0 0.3 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.1
14.0 0.2 0.2 0.1 0.4 0.0 0.1 0.0 0.1 0.1
32.0 0.5 0.2 0.2 0.4 0.0 0.1 0.0 0.1 0.0
11.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.0
57.0 2.5 1.6 1.2 1.0 0.0 0.3 0.0 0.2 0.1
16.0 0.4 0.2 0.1 0.4 0.0 0.1 0.1 0.2 0.1
23.0 0.4 0.2 0.1 0.5 0.0 0.2 0.2 0.3 0.1
18.0 0.3 0.1 0.1 0.3 0.0 0.2 0.1 0.1 0.1
7.0 0.2 0.2 0.1 0.5 0.0 0.2 0.2 0.2 0.2
8.0 0.2 0.2 0.1 0.5 0.0 0.2 0.2 0.2 0.2
8.0 0.2 0.2 0.1 0.4 0.0 0.1 0.2 0.2 0.1
13.0 0.1 0.2 0.1 0.5 0.0 0.3 0.3 0.3 0.1
25.0 0.2 0.5 0.1 1.0 0.5 1.2 0.8 0.8 0.2
17.0 0.2 0.4 0.1 0.7 0.0 0.5 0.4 0.5 0.1
9.0 0.3 0.2 0.1 0.4 0.0 0.1 0.1 0.1 0.1
11.0 0.4 0.3 0.2 0.4 0.0 0.1 0.1 0.1 0.1
9.0 0.3 0.3 0.2 0.5 0.0 0.2 0.0 0.1 0.1
13.0 0.6 0.2 0.3 0.5 0.0 0.1 0.0 0.1 0.1
13.0 0.7 0.2 0.3 0.5 0.0 0.2 0.0 0.1 0.1
18.0 0.5 0.4 0.2 0.4 0.0 0.1 0.1 0.0 0.1
12.0 0.2 0.2 0.1 0.4 0.0 0.1 0.1 0.1 0.1
21.0 0.4 0.3 0.2 0.5 0.0 0.1 0.0 0.0 0.1
15.0 0.5 0.2 0.3 0.5 0.0 0.1 0.1 0.1 0.1
8.0 0.3 0.2 0.1 0.4 0.0 0.4 0.0 0.0 0.2
5.0 0.2 0.3 0.1 0.5 0.0 0.1 0.1 0.1 0.2
6.0 0.2 0.2 0.1 0.4 0.0 0.1 0.0 0.1 0.2
4.0 0.3 0.2 0.1 0.4 0.0 0.1 0.0 0.1 0.2
5.0 0.4 0.2 0.2 0.4 0.0 0.1 0.0 0.1 0.2
7.0 0.3 0.2 0.1 0.4 0.0 0.1 0.1 0.1 0.2
7.0 0.3 0.1 0.2 0.4 0.0 0.1 0.0 0.1 0.1
1584.0 0.3 31.6 0.4 1.7 0.0 1.2 0.1 0.1 0.0
11.0 0.7 0.3 0.3 0.5 0.0 0.1 0.1 0.1 0.2
7.0 0.3 0.1 0.1 0.4 0.0 0.1 0.0 0.1 0.1
7.0 0.2 0.1 0.1 0.3 0.0 0.1 0.0 0.1 0.1
9.0 0.4 0.2 0.2 0.4 0.0 0.1 0.0 0.1 0.1
6.0 0.2 0.2 0.1 0.4 0.0 0.1 0.0 0.0 0.1
5.0 0.2 0.2 0.1 0.4 0.0 0.1 0.0 0.1 0.2
7.0 0.5 0.2 0.2 0.4 0.0 0.1 0.1 0.1 0.2
2.0 0.2 0.1 0.1 0.5 0.0 0.1 0.1 0.1 0.4
2.0 0.2 0.1 0.1 0.4 0.0 0.1 0.1 0.1 0.4
2.0 0.2 0.1 0.1 0.4 0.0 0.1 0.0 0.0 0.3
6.0 0.2 0.1 0.1 0.3 0.0 0.1 0.0 0.0 0.1
52.0 0.3 0.1 0.1 0.2 0.0 0.1 0.0 0.1 0.0
1561.0 0.1 0.6 0.1 0.4 0.1 0.1 0.1 0.1 0.0
26.0 0.7 0.4 0.3 0.4 0.0 0.2 0.0 0.1 0.1
18.0 0.6 0.2 0.2 0.4 0.0 0.1 0.0 0.0 0.1
33.0 0.5 0.2 0.2 0.3 0.0 0.1 0.0 0.1 0.0
11.0 1.2 0.6 0.5 0.4 0.0 0.2 0.1 0.1 0.2
12.0 1.2 0.6 0.5 0.5 0.0 0.2 0.0 0.1 0.2
12.0 1.1 0.6 0.5 0.4 0.0 0.2 0.0 0.1 0.2
3.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.1 0.2
4.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.1 0.2
5.0 0.3 0.3 0.1 0.5 0.0 0.2 0.1 0.1 0.2
1221.0 0.2 24.3 0.3 1.3 0.0 0.9 0.1 0.1 0.0
8.0 0.3 0.2 0.1 0.3 0.0 0.2 0.1 0.2 0.2
9.0 0.2 0.1 0.1 0.3 0.0 0.2 0.1 0.2 0.1
13.0 0.8 0.4 0.4 0.4 0.0 0.1 0.1 0.1 0.1
12.0 0.5 0.3 0.2 0.5 0.0 0.2 0.1 0.1 0.1
18.0 0.6 0.2 0.3 0.7 0.0 0.3 0.2 0.1 0.1
112.0 0.2 1.0 0.1 0.5 0.0 0.1 0.2 0.0 0.0
114.0 0.1 0.9 0.1 0.4 0.0 0.1 0.1 0.0 0.0
127.0 0.5 1.1 0.3 0.8 0.0 0.2 0.1 0.1 0.0
7.0 0.1 0.1 0.0 0.1 0.0 0.0 0.1 0.0 0.1
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8.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
11.0 0.4 0.2 0.2 0.2 0.0 0.1 0.0 0.1 0.1
6.0 0.3 0.1 0.1 0.4 0.0 0.1 0.1 0.0 0.2
7.0 0.2 0.1 0.1 0.4 0.0 0.1 0.1 0.0 0.1
9.0 0.3 0.2 0.1 0.3 0.0 0.1 0.1 0.0 0.1
17.0 0.2 0.2 0.1 0.5 0.0 0.2 0.1 0.2 0.1
35.0 0.3 0.2 0.1 0.5 0.0 0.3 0.2 0.3 0.0
51.0 0.2 0.2 0.1 0.5 0.0 0.2 0.2 0.3 0.0
5.0 0.2 0.1 0.1 0.3 0.0 0.2 0.1 0.2 0.2
7.0 0.2 0.1 0.1 0.4 0.0 0.2 0.2 0.2 0.1
9.0 0.2 0.2 0.1 0.5 0.0 0.2 0.2 0.2 0.2
13.0 0.2 0.2 0.1 0.6 0.0 0.3 0.2 0.3 0.1
12.0 0.2 0.2 0.1 0.5 0.0 0.2 0.2 0.2 0.1
19.0 0.2 0.2 0.1 0.5 0.0 0.3 0.2 0.2 0.1
17.0 0.2 0.3 0.1 0.7 0.0 0.4 0.0 0.3 0.1
20.0 0.2 0.4 0.2 0.8 0.0 0.5 0.4 0.5 0.1
17.0 0.1 0.3 0.1 0.6 0.0 0.3 0.3 0.4 0.1
14.0 0.3 0.3 0.2 0.5 0.0 0.3 0.3 0.3 0.1
16.0 0.3 0.3 0.2 0.5 0.0 0.3 0.3 0.3 0.1
23.0 0.3 0.4 0.2 0.5 0.0 0.3 0.2 0.3 0.1
12.0 0.3 0.3 0.2 0.6 0.0 0.3 0.3 0.3 0.2
13.0 0.1 0.2 0.1 0.4 0.0 0.3 0.2 0.3 0.1
26.0 0.4 0.4 0.2 0.6 0.0 0.3 0.3 0.3 0.1
9.0 0.2 0.1 0.1 0.4 0.0 0.2 0.2 0.2 0.1
10.0 0.3 0.1 0.1 0.3 0.2 0.2 0.1 0.2 0.1
12.0 0.5 0.3 0.2 0.4 0.0 0.2 0.2 0.2 0.1
9.0 0.2 0.2 0.1 0.4 0.0 0.2 0.1 0.2 0.1
17.0 0.3 0.2 0.1 0.4 0.0 0.2 0.2 0.2 0.1
15.0 0.3 0.1 0.1 0.4 0.0 0.2 0.2 0.3 0.1
10.0 0.2 0.1 0.1 0.4 0.0 0.2 0.1 0.2 0.1
10.0 0.2 0.1 0.1 0.3 0.0 0.2 0.2 0.2 0.1
13.0 0.3 0.2 0.1 0.3 0.0 0.2 0.1 0.2 0.1
7.0 0.2 0.2 0.1 0.3 0.0 0.2 0.1 0.2 0.1
16.0 1.1 0.6 0.5 0.5 0.0 0.3 0.2 0.3 0.2
17.0 0.4 0.2 0.2 0.5 0.0 0.3 0.2 0.3 0.1
68383.0 0.2 3481.8 0.0 151.3 210.1 29.5 235.1 8.8 0.1
64371.0 0.2 3473.8 0.0 157.7 219.1 29.7 240.0 7.2 0.1
63357.0 0.3 3657.5 0.0 168.5 227.9 31.5 255.1 8.7 0.1
8.0 0.1 0.2 0.1 0.4 0.0 0.3 0.2 0.3 0.2
21.0 0.3 0.4 0.2 0.4 0.0 0.2 0.2 0.2 0.1
10.0 0.1 0.2 0.1 0.4 0.0 0.2 0.2 0.2 0.1
468.0 0.3 6.4 0.1 0.5 0.0 0.1 0.1 0.1 0.0
857.0 0.3 10.4 0.1 0.7 0.0 0.1 0.0 0.1 0.0
4586.0 0.2 21.7 0.1 2.6 0.0 0.2 0.1 0.2 0.0
8.0 0.2 0.2 0.1 0.2 0.0 0.1 0.1 0.1 0.1
18.0 0.2 0.5 0.1 0.9 0.6 1.1 0.0 0.5 0.2
10.0 0.1 0.2 0.1 0.4 0.0 0.2 0.1 0.2 0.1
22.0 0.4 0.3 0.2 0.4 0.0 0.2 0.2 0.2 0.1
31.0 0.6 0.3 0.2 0.6 0.0 0.2 0.0 0.2 0.1
46.0 1.2 0.6 0.5 0.7 0.0 0.3 0.3 0.3 0.1
10.0 0.5 0.2 0.2 0.5 0.0 0.2 0.2 0.2 0.2
11.0 0.4 0.2 0.2 0.5 0.0 0.2 0.2 0.2 0.1
16.0 0.5 0.3 0.2 0.6 0.0 0.2 0.2 0.3 0.1
6.0 0.3 0.2 0.1 0.6 0.0 0.2 0.2 0.2 0.2
30.0 0.4 0.4 0.2 0.8 0.2 0.6 0.5 0.5 0.1
12.0 0.9 0.4 0.4 0.7 0.0 0.2 0.3 0.2 0.2
27.0 1.4 0.9 0.6 0.8 0.0 0.3 0.0 0.2 0.1
33.0 1.9 1.0 0.9 0.9 0.0 0.3 0.0 0.2 0.1
23.0 0.8 0.4 0.4 0.6 0.0 0.2 0.2 0.2 0.1
87484.0 0.0 137.5 0.1 21.3 9.4 2.1 5.1 0.5 0.0
87971.0 0.1 116.7 0.1 19.5 7.7 2.0 4.4 0.9 0.0
54194.0 0.4 86.2 0.2 18.0 7.8 2.1 4.1 1.0 0.0
284.0 0.2 6.1 0.1 0.7 0.4 0.4 0.2 0.3 0.0
398.0 0.2 10.4 0.1 0.5 0.2 0.2 0.2 0.2 0.0
90420.0 0.1 824.3 0.1 43.4 4.7 3.8 1.6 0.4 0.0
15.0 0.2 0.2 0.1 0.3 0.0 0.2 0.2 0.2 0.1
430.0 0.6 3.8 0.2 0.6 0.0 0.2 0.1 0.0 0.0
22.0 0.3 0.3 0.1 0.4 0.0 0.3 0.2 0.2 0.1
29.0 0.2 0.4 0.1 0.3 0.0 0.0 0.0 0.0 0.0
28.0 0.5 0.4 0.1 0.4 0.0 0.1 0.2 0.0 0.1
22.0 0.3 0.3 0.1 0.4 0.0 0.0 0.0 0.0 0.0
316795.0 0.0 324.1 0.0 91.6 45.9 15.4 16.1 0.3 0.0
92718.0 0.2 141.2 0.1 178.6 100.6 36.3 38.7 0.7 0.0
33174.0 0.0 32.0 0.0 57.8 29.7 12.4 6.3 0.2 0.0
98033.0 0.2 219.2 0.1 405.6 115.4 22.1 9.5 2.6 0.0
78352.0 0.1 173.8 0.0 177.8 52.0 15.0 7.2 2.0 0.0
87824.0 0.1 188.6 0.0 95.2 28.0 11.9 7.9 1.7 0.0
985.0 1.1 2.4 0.4 1.7 0.3 0.2 0.2 0.0 0.0
16.0 0.9 0.5 0.4 0.4 0.0 0.3 0.1 0.2 0.1
88.0 1.3 0.8 0.5 0.7 0.0 0.0 0.1 0.0 0.0
90.0 1.1 0.8 0.5 1.1 0.0 0.2 0.0 0.0 0.0
67.0 0.7 0.5 0.3 1.0 0.0 0.0 0.0 0.2 0.0
48.0 0.7 0.5 0.3 0.8 0.0 0.2 0.0 0.1 0.1
39.0 0.9 0.5 0.3 0.7 0.0 0.1 0.0 0.0 0.1
36.0 1.3 0.7 0.5 0.8 0.0 0.1 0.0 0.1 0.1
36.0 0.4 0.2 0.1 0.7 0.0 0.1 0.0 0.1 0.0
51897.0 0.1 51.8 0.0 127.0 114.3 77.2 113.7 0.0 0.0
81538.0 0.2 97.9 0.1 217.8 199.7 150.1 228.2 0.1 0.0
64059.0 0.1 138.3 0.0 126.2 112.2 103.2 194.7 0.0 0.0
862.0 0.6 2.0 0.2 2.4 1.1 1.4 3.3 0.2 0.0
91.0 0.3 0.4 0.2 0.7 0.0 0.3 5.0 0.0 0.1
67.0 0.4 0.3 0.2 0.8 0.0 0.3 0.8 0.0 0.0
65.0 0.2 0.2 0.0 0.2 0.0 0.1 0.3 0.1 0.0
82.0 0.2 0.3 0.1 0.3 0.0 0.1 0.2 0.1 0.0
88.0 0.2 0.3 0.1 0.2 0.0 0.1 0.1 0.1 0.0
19.0 0.4 0.2 0.2 0.3 0.0 0.2 0.1 0.2 0.1
55.0 0.2 0.4 0.1 0.3 0.0 0.2 0.1 0.2 0.0
242.0 0.1 2.0 0.1 0.4 0.0 0.4 0.3 0.3 0.0
20.0 0.3 0.4 0.1 0.4 0.0 0.3 0.2 0.3 0.1
7.0 0.2 0.2 0.1 0.2 0.0 0.1 0.1 0.1 0.1
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20.0 0.4 0.5 0.2 0.4 0.0 0.3 0.3 0.3 0.1
19.0 0.2 0.6 0.1 0.4 0.0 0.3 0.2 0.3 0.1
25.0 0.2 0.7 0.1 0.5 0.0 0.3 0.2 0.3 0.1
23.0 0.2 0.5 0.1 0.3 0.0 0.3 0.2 0.2 0.1
8.0 0.1 0.2 0.1 0.1 0.0 0.1 0.1 0.1 0.1
101.0 0.2 0.5 0.1 0.2 0.1 0.3 0.2 0.2 0.0
2548.0 0.3 1.0 0.1 0.3 0.0 0.3 0.2 0.2 0.0
27.0 0.5 0.5 0.2 0.4 0.0 0.3 0.2 0.3 0.1
14.0 0.1 0.3 0.1 0.2 0.0 0.2 0.1 0.2 0.1
13.0 0.2 0.3 0.1 0.3 0.0 0.2 0.2 0.2 0.1
15.0 0.2 0.4 0.1 0.3 0.0 0.2 0.2 0.2 0.1
415.0 0.5 1.8 0.2 0.8 0.0 0.1 0.4 0.1 0.0
81.0 0.5 1.1 0.3 0.7 0.0 0.1 0.3 0.1 0.0
49.0 0.4 0.7 0.2 0.6 0.0 0.1 0.0 0.0 0.0
23.0 0.4 0.6 0.2 0.5 0.0 0.1 0.2 0.0 0.1
9.0 0.1 0.3 0.1 0.3 0.0 0.0 0.1 0.0 0.1
18.0 0.2 0.5 0.1 0.5 0.0 0.0 0.1 0.0 0.1
20652.0 0.1 10.6 0.1 1.2 0.0 0.1 0.0 0.0 0.0
36740.0 0.0 16.5 0.1 1.4 0.0 0.1 0.0 0.0 0.0
85978.0 0.1 33.6 0.1 2.0 0.1 0.2 0.0 0.1 0.0
671.0 0.2 0.4 0.1 0.4 0.0 0.1 0.0 0.0 0.0
92.0 0.4 0.4 0.2 0.6 0.0 0.1 0.0 0.0 0.0
41.0 0.3 0.2 0.2 0.5 0.0 0.1 0.0 0.0 0.0
24.0 0.2 0.1 0.1 0.5 0.0 0.1 0.0 0.0 0.0
109.0 0.1 0.3 0.1 0.4 0.0 0.1 0.0 0.0 0.0
19077.0 0.0 15.2 0.0 0.4 0.1 0.1 0.0 0.0 0.0
368.0 0.2 0.4 0.1 0.3 0.0 0.1 0.0 0.0 0.0
71.0 0.2 0.2 0.1 0.4 0.0 0.1 0.1 0.0 0.0
33.0 0.3 0.2 0.2 0.4 0.0 0.1 0.1 0.0 0.0
23.0 0.4 0.2 0.2 0.4 0.0 0.1 0.0 0.0 0.1
23.0 0.6 0.3 0.3 0.4 0.0 0.1 0.0 0.1 0.1
34.0 0.7 0.3 0.4 0.6 0.0 0.1 0.0 0.1 0.1
20.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.0 0.0
22.0 0.2 0.1 0.1 0.3 0.0 0.1 0.1 0.0 0.0
24.0 0.2 0.1 0.1 0.3 0.0 0.1 0.0 0.0 0.0
11.0 0.8 0.3 0.3 0.4 0.0 0.1 0.0 0.0 0.1
12.0 0.6 0.2 0.3 0.5 0.0 0.1 0.1 0.0 0.1
14.0 0.6 0.2 0.3 0.5 0.0 0.1 0.0 0.0 0.1
17.0 0.7 0.2 0.3 0.4 0.0 0.1 0.0 0.1 0.1
16.0 0.4 0.1 0.2 0.4 0.0 0.1 0.1 0.0 0.1
15.0 0.7 0.2 0.3 0.4 0.0 0.1 0.0 0.0 0.1
9.0 0.3 0.1 0.1 0.2 0.0 0.1 0.0 0.1 0.1
10.0 0.2 0.2 0.1 0.3 0.0 0.1 0.1 0.1 0.1
13.0 0.3 0.1 0.1 0.2 0.0 0.0 0.0 0.0 0.1
48321.0 0.2 2197.7 0.0 4647.5 2509.7 5917.4 6032.2 2154.7 0.3
41557.0 0.4 4514.1 0.0 15446.0 8685.2 19898.0 17649.0 5821.0 0.6
52668.0 0.1 3505.4 0.0 8149.3 3700.6 9164.6 8120.3 2778.0 0.4
45112.0 0.1 1381.1 0.0 154.1 178.1 37.9 819.0 16.7 0.1
40362.0 0.1 1370.8 0.0 112.5 135.9 20.0 978.8 10.9 0.1
38745.0 0.0 4285.2 0.0 1610.0 1340.8 2211.1 0.0 3.6 0.2
741.0 0.4 75.9 0.1 34.0 31.2 52.8 236.7 0.5 0.4
79.0 0.4 8.7 0.2 5.7 4.7 15.5 83.9 4.4 0.6
40.0 0.7 3.0 0.2 2.1 1.3 5.0 25.7 1.8 0.5
54394.0 0.4 1462.5 0.0 89.1 80.2 66.8 1136.0 16.7 0.0
37648.0 0.1 1048.8 0.1 86.7 83.2 61.7 580.9 32.0 0.0
25748.0 0.4 1119.9 0.0 131.6 132.3 137.7 1624.9 59.7 0.1
167.0 0.2 7.1 0.1 1.6 1.2 3.2 24.0 1.0 0.2
30.0 0.3 1.6 0.1 0.8 0.4 2.1 10.9 0.8 0.4
29.0 0.3 1.1 0.1 0.8 0.3 1.6 6.5 0.8 0.3
13022.0 0.1 541.3 0.0 2882.9 5086.6 1935.9 10998.0 142.0 0.6
9584.0 0.1 444.9 0.0 2089.2 3704.3 1380.6 8149.5 71.1 0.6
8359.0 0.1 403.8 0.0 1955.7 3431.3 1236.6 7324.4 65.4 0.6
27677.0 0.2 9925.2 0.0 28275.0 14223.0 27664.0 16348.0 7236.2 0.8
63310.0 0.4 18017.0 0.0 40377.0 22377.0 32564.0 34016.0 11047.0 0.7
26595.0 0.4 7376.9 0.1 27665.0 16765.0 36553.0 28843.0 16228.0 0.8
62780.0 0.3 9071.4 0.0 23897.0 12384.0 26753.0 17190.0 17989.0 0.6
64164.0 0.5 8982.5 0.0 23801.0 13064.0 28785.0 20747.0 22055.0 0.6
45965.0 0.6 6670.3 0.1 20432.0 12225.0 27817.0 21647.0 24597.0 0.7
1095.0 0.2 67.5 0.1 157.8 156.5 300.1 544.2 586.4 0.6
89424.0 0.1 6017.0 0.0 10625.0 9890.0 14630.0 18018.0 13217.0 0.4
893.0 0.2 17.8 0.2 1.0 0.0 0.7 0.1 0.1 0.0
104883.0 0.2 18243.0 0.1 29350.0 12050.0 26945.0 16904.0 14402.0 0.5
141784.0 0.1 23129.0 0.0 38250.0 13504.0 29372.0 17879.0 14737.0 0.5
165710.0 0.1 24703.0 0.6 44640.0 16520.0 35317.0 21012.0 17650.0 0.5
594.0 0.1 94.2 0.0 207.2 106.4 285.9 324.9 367.1 0.7
71.0 0.1 15.3 0.0 43.3 31.2 104.4 141.2 163.6 0.9
55.0 0.3 9.9 0.1 27.1 19.8 72.8 114.3 146.4 0.9
52.0 0.1 8.8 0.1 21.6 14.0 56.5 93.9 123.2 0.9
43.0 0.3 5.8 0.1 13.4 8.3 34.0 53.0 72.0 0.8
47.0 0.7 5.9 0.3 12.5 6.5 30.0 44.9 62.9 0.8
30.0 0.4 4.5 0.2 9.6 5.0 22.7 33.1 45.6 0.8
16.0 0.2 1.4 0.1 3.6 1.8 9.9 16.5 22.7 0.8
25.0 0.2 2.9 0.1 5.9 2.2 12.5 12.8 20.7 0.7
13.0 0.3 1.9 0.1 4.1 1.2 8.2 10.5 8.0 0.7
16.0 0.2 2.2 0.1 4.4 1.2 8.3 7.5 12.6 0.7
22.0 0.6 2.5 0.2 4.9 0.9 8.0 7.6 13.3 0.6
15.0 0.4 1.4 0.1 2.6 0.8 5.0 3.7 7.2 0.6
15.0 0.3 1.2 0.1 2.1 0.7 4.1 3.0 5.7 0.5
17.0 0.3 1.3 0.1 2.2 0.8 4.3 3.1 5.8 0.5
179.0 0.6 2.6 0.2 2.4 0.7 4.1 2.8 5.5 0.1
409.0 0.2 3.6 0.1 2.3 0.7 4.0 2.9 5.4 0.0
35554.0 0.1 6.5 0.1 3.4 0.5 2.3 1.4 2.7 0.0
902.0 0.1 8.2 0.0 1.8 0.5 3.2 2.2 4.2 0.0
26252.0 0.1 43.0 0.0 8.7 0.4 2.2 1.5 2.5 0.0
132630.0 0.1 302.1 0.0 244.2 27.1 7.1 12.7 12.7 0.0
701.0 0.2 2.0 0.0 2.2 0.5 2.1 1.4 2.6 0.0
317.0 0.1 2.3 0.0 1.1 0.3 1.9 1.3 2.4 0.0
49605.0 0.0 3.9 0.0 1.1 0.2 0.8 0.5 0.9 0.0
957.0 0.3 0.8 0.1 1.5 0.4 2.8 1.8 3.5 0.0
306.0 0.1 0.8 0.1 1.4 0.4 2.8 1.8 3.5 0.0
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55870.0 0.1 13.5 0.1 0.8 0.3 1.6 1.2 2.2 0.0
4.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
5.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8.7 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
79.7 0.3 0.7 0.1 0.2 0.0 0.1 0.0 0.0 0.0
181.8 0.0 2.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
536.6 0.2 6.7 0.0 0.4 0.0 0.1 0.0 0.0 0.0
10.1 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
11.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22.2 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
8.2 0.2 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.0
7.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.8 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
10.2 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
16.2 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
2.7 0.2 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.1
3.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.0 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.5 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
8.3 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
4.4 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
7.3 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.5 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.2 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.7 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
10.9 0.6 0.3 0.2 0.1 0.0 0.1 0.3 0.7 0.2
8.6 0.3 0.2 0.1 0.1 0.0 0.0 0.4 0.3 0.1
8.2 0.2 0.1 0.1 0.1 0.0 0.0 0.3 0.3 0.1
4.5 0.2 0.2 0.1 0.1 0.0 0.0 0.6 0.4 0.3
9.6 0.6 0.3 0.3 0.1 0.0 0.0 0.6 0.6 0.2
7.2 0.4 0.2 0.2 0.1 0.0 0.0 0.3 0.4 0.2
6.7 0.3 0.2 0.1 0.1 0.0 0.0 0.3 0.2 0.2
6.5 0.6 0.4 0.3 0.1 0.0 0.0 0.2 0.4 0.2
7.8 0.5 0.3 0.3 0.1 0.0 0.0 0.3 0.2 0.2
28.4 0.2 0.2 0.1 0.1 0.0 0.0 0.3 0.5 0.0
66.9 0.3 0.4 0.2 0.1 0.0 0.0 0.4 0.3 0.0
210.7 0.2 1.7 0.1 0.1 0.0 0.0 0.5 0.4 0.0
5.8 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.6 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
5.8 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.4 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
7.3 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
8.2 1.0 0.6 0.6 0.2 0.0 0.1 0.5 0.7 0.3
4.9 0.2 0.1 0.1 0.1 0.0 0.0 0.5 0.4 0.2
6.7 0.2 0.1 0.1 0.0 0.0 0.0 0.7 0.4 0.2
18.7 0.4 0.2 0.2 0.1 0.0 0.0 0.4 0.6 0.1
30.9 0.5 0.2 0.3 0.1 1.1 0.0 0.0 0.4 0.1
190.0 0.3 1.5 0.2 0.1 0.0 0.2 0.0 0.0 0.0
6.0 0.1 0.1 0.1 0.1 0.3 0.0 0.3 0.3 0.2
6.3 0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.1
13.0 0.1 0.0 0.1 0.0 0.0 0.0 0.2 0.3 0.1
235.4 0.1 3.4 0.1 0.1 0.0 0.0 0.2 0.2 0.0
38462.7 0.5 45.9 0.0 5.0 0.3 0.7 0.1 0.2 0.0
67629.4 0.1 53.8 0.1 4.6 1.4 1.0 0.6 0.4 0.0
16.4 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
23.6 0.3 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0
24.3 0.6 0.5 0.3 0.2 0.0 0.1 0.0 0.0 0.1
25395.5 0.1 4.5 0.0 0.4 0.0 0.1 0.0 0.0 0.0
44175.2 0.1 5.4 0.0 0.5 0.0 0.1 0.0 0.0 0.0
51889.0 0.2 6.1 0.0 0.6 0.0 0.1 0.0 0.0 0.0
6.6 0.4 0.2 0.2 0.1 0.0 0.0 0.3 0.1 0.2
4.2 0.1 0.1 0.1 0.0 0.0 0.0 0.2 0.3 0.2
8.2 0.3 0.1 0.1 0.1 0.0 0.0 0.4 0.4 0.1
22.6 0.2 0.1 0.1 0.1 0.0 0.0 0.3 0.4 0.1
109.4 0.2 0.3 0.1 0.2 0.0 0.0 0.2 0.4 0.0
52504.7 0.6 3.6 0.3 0.4 0.0 0.0 0.6 0.9 0.0
5.4 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.7 0.1 0.1 0.0 0.1 0.1 0.0 0.0 0.1 0.1
6.5 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.2 0.2 0.1 0.1 0.1 0.0 0.1 0.4 0.6 0.2
4.0 0.1 0.2 0.0 0.1 0.0 0.0 0.4 0.7 0.3
7.4 0.1 0.1 0.6 0.2 0.1 0.0 0.4 0.6 0.2
520.2 0.1 4.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0
517.7 0.1 4.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0
678.2 0.1 7.1 0.1 0.2 0.0 0.1 0.0 0.0 0.0
225.4 0.1 1.9 0.0 0.1 0.0 0.0 0.0 0.0 0.0
251.3 0.1 2.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
225.3 0.1 1.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0
3.5 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
8.4 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.4 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
257.1 0.1 5.1 0.0 0.5 0.0 0.1 0.0 0.0 0.0
299.4 0.3 7.2 0.1 0.9 0.0 0.1 0.0 0.0 0.0
333.6 0.1 8.6 0.1 1.1 0.0 0.1 0.0 0.0 0.0
3.9 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1
5.6 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
2.6 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.6 0.3 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1
3.3 0.1 0.1 0.0 0.0 0.0 0.1 0.0 0.0 0.1
2.1 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.2
3.9 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.7 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
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3.5 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.7 0.2 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.2 0.2 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.1
4.4 0.2 0.0 0.1 0.1 0.0 0.1 0.0 0.0 0.1
4.9 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.8 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
7.7 0.5 0.1 0.2 0.1 0.0 0.1 0.0 0.0 0.1
7.8 0.3 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.1
2.7 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
2.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.4 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
5.5 0.5 0.2 0.3 0.1 0.0 0.0 0.5 0.8 0.3
3.2 0.2 0.1 0.1 0.1 0.0 0.0 0.7 0.9 0.4
5.3 0.2 0.1 0.1 0.0 0.0 0.0 0.4 0.6 0.2
13.6 1.8 1.1 0.9 0.3 0.0 0.1 0.8 1.1 0.3
7.2 0.3 0.1 0.1 0.1 0.0 0.0 0.4 0.6 0.2
11.6 0.8 0.5 0.4 0.1 0.0 0.0 0.5 0.4 0.2
83.5 0.9 0.5 0.5 0.2 0.1 0.1 0.9 1.2 0.0
102.6 0.3 0.5 0.2 0.1 0.0 0.0 0.9 0.9 0.0
213.8 0.1 1.5 0.1 0.1 0.0 0.1 0.4 0.8 0.0
69.0 0.3 0.3 0.1 0.1 0.0 0.0 0.6 0.8 0.0
213.1 0.3 1.3 0.1 0.1 0.0 0.0 0.5 0.7 0.0
31102.9 0.3 10.0 0.1 0.4 0.0 0.1 1.1 1.5 0.0
25.9 1.2 0.8 0.6 0.3 0.0 0.1 1.4 1.4 0.2
12.0 1.3 0.8 0.7 0.4 0.0 0.1 0.9 1.9 0.3
5.3 0.2 0.2 0.1 0.1 0.0 0.0 0.5 0.7 0.2
7.9 0.5 0.2 0.3 0.1 0.0 0.0 0.6 0.9 0.3
6.5 0.4 0.2 0.2 0.1 0.0 0.0 0.5 0.5 0.2
6.8 0.1 0.1 0.1 0.0 0.0 0.0 0.6 0.5 0.2
71925.2 0.2 176.8 0.2 5.2 0.1 0.3 0.4 0.7 0.0
57343.0 0.2 133.7 0.2 4.4 0.1 0.2 0.6 1.1 0.0
815648.7 0.4 642.3 0.1 5.6 0.2 0.3 0.4 0.5 0.0
169.0 0.1 0.7 0.0 0.1 0.0 0.0 0.7 0.5 0.0
465.5 0.1 2.7 0.0 0.1 0.0 0.0 0.5 0.5 0.0
33995.3 0.1 57.1 0.2 4.1 1.0 1.2 0.5 0.9 0.0
9.4 0.5 0.2 0.2 0.1 0.0 0.1 0.8 0.8 0.2
30.9 0.3 0.1 0.2 0.1 0.0 0.0 0.9 1.2 0.1
401.5 0.1 1.7 0.1 0.1 0.0 0.0 0.7 0.6 0.0
56953.2 0.2 207.9 0.1 12.0 1.4 1.5 1.2 0.5 0.0
30567.4 0.2 103.7 0.1 5.7 1.0 0.9 1.1 1.2 0.0
48596.0 0.3 166.0 0.2 6.6 1.7 1.4 2.0 2.0 0.0
6.2 0.3 0.1 0.1 0.0 0.0 0.0 0.4 0.5 0.2
1.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1 0.2 0.3
4.5 0.1 0.0 0.0 0.0 0.0 0.0 0.2 0.3 0.1
6.8 0.2 0.0 0.1 0.0 0.0 0.0 0.2 0.2 0.1
5.4 0.1 0.0 0.0 0.0 0.0 0.0 0.3 0.3 0.1
5.9 0.1 0.0 0.1 0.0 0.0 0.0 0.3 0.4 0.1
1.8 0.1 0.1 0.1 0.0 0.0 0.0 0.3 0.5 0.4
3.5 0.2 0.1 0.1 0.1 0.0 0.0 0.4 0.5 0.3
3.6 0.2 0.1 0.1 0.1 0.0 0.0 0.4 0.7 0.3
6.9 0.1 0.2 0.1 0.1 0.0 0.0 0.2 0.2 0.1
19.1 0.0 0.4 0.0 0.1 0.0 0.0 0.2 0.2 0.0
3340.9 0.2 72.2 0.1 5.8 0.4 0.4 0.2 0.1 0.0
5.5 0.3 0.1 0.1 0.0 0.0 0.0 0.2 0.3 0.2
5.4 0.2 0.1 0.1 0.0 0.3 0.1 0.3 0.5 0.2
5.5 0.2 0.1 0.1 0.0 0.0 0.0 0.3 0.5 0.2
2.2 0.1 0.0 0.1 0.0 0.0 0.0 0.2 0.2 0.2
6.7 0.4 0.2 0.2 0.1 0.0 0.0 0.3 0.3 0.2
4.5 0.2 0.1 0.1 0.0 0.0 0.0 0.3 0.5 0.2
3.6 0.2 0.1 0.1 0.1 0.0 0.0 0.4 0.6 0.3
5.3 0.2 0.1 0.1 0.1 0.0 0.0 0.6 1.0 0.3
8.6 0.5 0.2 0.3 0.1 0.0 0.0 0.6 1.0 0.2
594.4 0.6 2.2 0.4 0.3 0.0 0.1 0.6 0.9 0.0
1266.4 0.3 7.6 0.1 0.3 0.0 0.0 0.3 0.8 0.0
128898.2 0.3 391.0 0.1 20.5 4.1 1.7 0.6 0.5 0.0
4.4 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
14.5 2.1 1.2 0.9 0.4 0.0 0.1 0.0 0.0 0.2
6.9 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.8 0.5 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.2
5.8 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.9 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.2 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.8 0.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
4.8 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
2.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.5 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
3.9 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.8 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.5 0.4 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
3.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.0 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
5.5 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
245.8 0.1 2.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0
719.1 0.2 11.4 0.0 0.1 0.0 0.0 0.0 0.0 0.0
34714.6 0.1 64.6 0.0 2.2 0.1 0.1 0.0 0.0 0.0
2.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.1 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.6 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6.2 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
7.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.4 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.3 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.5 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.1 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
2.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
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2.6 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
9.2 1.1 0.3 0.4 0.1 0.0 0.2 0.0 0.0 0.2
4.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7.1 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.0 0.6 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.2
6.3 0.3 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1
6.7 0.4 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.1
6.1 0.6 0.3 0.3 0.1 0.0 0.1 0.0 0.0 0.2
4.3 0.3 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1
4.8 0.2 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.1
4.5 0.4 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.2
4.9 0.4 0.1 0.2 0.1 0.0 0.1 0.0 0.0 0.2
6.0 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
104.1 0.1 1.5 0.1 0.1 0.0 0.1 0.0 0.0 0.0
7123.1 0.3 70.8 0.1 4.8 0.0 0.4 0.0 0.0 0.0
100768.0 0.1 196.0 0.1 17.3 6.1 1.3 0.4 0.0 0.0
12.8 0.8 0.4 0.3 0.2 0.0 0.0 0.0 0.0 0.1
5.2 0.5 0.3 0.2 0.1 0.0 0.1 0.0 0.0 0.2
11.6 1.3 0.5 0.5 0.2 0.0 0.1 0.0 0.0 0.2
2.9 0.3 0.3 0.2 0.2 0.0 0.0 0.0 0.0 0.2
6.7 0.7 0.4 0.3 0.1 0.0 0.1 0.0 0.0 0.2
7.8 0.5 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.1
4.6 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.0 0.3 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.1
4.6 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.8 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.2 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
9.8 0.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
1.8 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
3.3 0.2 0.2 0.1 0.1 0.0 0.2 0.0 0.0 0.2
4.4 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
2.2 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
3.1 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
3.9 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
4.0 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.3 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.2 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
2.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.2
3.7 0.1 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.1
5.5 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
7.2 0.2 0.1 0.1 0.0 0.0 0.1 0.0 0.0 0.0
12.7 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
15.8 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
645.4 0.5 1.2 0.3 0.4 0.0 0.2 0.0 0.1 0.0
1577.6 0.3 3.2 0.2 1.5 0.3 1.0 0.0 0.4 0.0
1764.9 0.4 5.0 0.2 3.4 1.0 2.6 0.7 0.8 0.0
5.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
10.4 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
10.7 0.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
4.7 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.0 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
11.6 0.6 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
7.1 0.6 0.2 0.3 0.1 0.0 0.1 0.0 0.0 0.1
6.3 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
6.5 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
20.3 0.1 0.1 0.0 0.1 0.0 0.0 0.4 0.4 0.1
495.1 0.3 2.3 0.1 0.3 0.0 0.1 1.1 1.2 0.0
77428.3 0.1 8.3 0.1 1.7 0.0 0.2 0.5 0.4 0.0
9.6 0.6 0.2 0.3 0.1 0.0 0.0 0.9 1.5 0.3
5.4 0.2 0.1 0.1 0.1 0.0 0.0 0.4 0.5 0.2
5.7 0.2 0.1 0.1 0.1 0.0 0.0 0.4 0.5 0.2
6.5 0.4 0.2 0.2 0.1 0.0 0.0 0.6 0.6 0.2
3.5 0.2 0.1 0.1 0.1 0.0 0.0 0.3 0.4 0.3
4.6 0.2 0.1 0.1 0.1 0.0 0.0 0.4 0.5 0.2
2.9 0.2 0.1 0.1 0.0 0.0 0.0 0.2 0.4 0.2
3.5 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.5 0.2
5.4 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.5 0.2
1855.6 0.1 0.4 0.1 0.1 0.0 0.0 0.2 0.5 0.0
3255.5 0.2 0.7 0.1 0.1 0.0 0.1 0.4 0.4 0.0
2316.7 0.2 0.8 0.1 0.1 0.0 0.0 0.3 0.4 0.0
5.3 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
5.6 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.5 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
7.4 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
10.6 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
8.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
10.9 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
165.4 0.2 0.6 0.1 0.2 0.1 0.1 0.0 0.0 0.0
1452.2 0.1 4.5 0.0 2.5 0.7 0.7 0.2 0.3 0.0
6007.8 0.1 11.5 0.1 6.9 0.7 1.3 0.5 0.4 0.0
28.4 0.8 0.4 0.4 0.1 0.0 0.0 0.4 0.7 0.1
56.5 0.2 0.5 0.1 0.1 0.0 0.0 0.2 0.5 0.0
218.9 0.5 6.2 0.2 0.3 0.0 0.1 0.3 0.5 0.0
11.9 0.4 0.2 0.2 0.1 0.0 0.0 0.3 0.3 0.1
7.1 0.3 0.2 0.1 0.1 0.0 0.0 0.2 0.3 0.1
7.8 0.2 0.2 0.1 0.0 0.0 0.0 0.3 0.3 0.1
12.6 0.9 0.4 0.5 0.2 0.0 0.1 0.4 0.6 0.2
9.3 0.2 0.1 0.1 0.1 0.0 0.0 0.4 0.3 0.1
2736.4 0.5 584.3 0.2 27.8 10.1 0.8 0.2 0.3 0.2
11.7 1.0 0.7 0.5 0.2 0.0 0.1 0.3 0.6 0.2
12.4 1.9 1.0 1.0 0.4 0.0 0.2 0.6 0.7 0.3
21863.4 0.1 22.4 0.1 2.0 0.1 0.3 0.3 0.4 0.0
79763.2 0.2 4.9 0.1 1.1 0.1 0.4 0.2 0.2 0.0
75595.0 0.3 5.3 0.2 1.8 0.2 0.8 0.1 0.5 0.0
62843.2 0.1 4.4 0.1 1.5 0.2 0.6 0.0 0.3 0.0
867.2 0.2 4.6 0.1 0.2 0.0 0.0 0.2 0.4 0.0
44761.2 0.2 8.6 0.1 2.1 1.0 0.0 0.4 1.1 0.0
52459.2 0.1 3.3 0.1 1.1 0.0 0.1 0.3 0.3 0.0
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3.3 0.1 0.1 0.0 0.1 0.0 0.0 0.2 0.3 0.2
7.5 0.3 0.1 0.1 0.1 0.0 0.0 0.4 0.9 0.2
14.4 0.4 1.1 0.4 0.8 1.6 0.0 0.3 0.5 0.3
6.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.9 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
9.2 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
13.9 1.9 0.9 0.8 0.3 0.0 0.1 0.0 0.0 0.2
7.3 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
10.1 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
12.4 0.2 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.0
63.8 0.2 0.5 0.1 0.1 0.0 0.0 0.1 0.2 0.0
194.4 0.1 1.4 0.1 0.1 0.0 0.0 0.1 0.1 0.0
20.0 0.4 0.2 0.2 0.1 0.0 0.1 0.1 0.2 0.1
38.3 0.1 0.2 0.1 0.1 0.0 0.0 0.2 0.3 0.0
122.1 0.1 0.9 0.1 0.0 0.0 0.0 0.2 0.2 0.0
13.0 0.5 0.3 0.2 0.1 0.0 0.0 0.2 0.3 0.1
13.7 0.4 0.2 0.2 0.1 0.0 0.0 0.1 0.2 0.1
147.3 0.5 1.1 0.3 0.1 0.0 0.0 0.3 0.4 0.0
8.2 0.2 0.1 0.1 0.0 0.0 0.0 0.3 0.3 0.1
8.4 0.2 0.2 0.1 0.0 0.0 0.0 0.3 0.5 0.1
10.0 0.6 0.4 0.3 0.1 0.0 0.0 0.2 0.6 0.2
7.5 0.2 0.1 0.1 0.1 0.0 0.0 0.6 0.7 0.2
7.8 0.2 0.1 0.1 0.0 0.0 0.0 0.4 0.6 0.1
14.3 0.3 0.2 0.1 0.1 0.0 0.0 0.3 0.3 0.1
11.0 0.3 0.2 0.1 0.1 0.0 0.0 0.4 0.6 0.1
9.5 0.2 0.1 0.1 0.0 0.0 0.0 0.4 0.5 0.1
8.3 0.3 0.2 0.1 0.1 0.0 0.0 0.4 0.4 0.2
10.6 0.3 0.1 0.1 0.1 0.0 0.0 0.2 0.3 0.1
8.9 0.2 0.1 0.1 0.0 0.0 0.0 0.3 0.4 0.1
9.6 0.2 0.2 0.1 0.1 0.0 0.0 0.5 0.5 0.1
1396.5 0.1 31.9 0.2 1.2 0.1 0.0 0.3 0.3 0.0
1905.6 0.2 40.0 0.2 2.2 0.2 0.1 0.2 0.3 0.0
4397.2 0.2 53.6 0.2 4.0 0.3 0.1 0.3 0.4 0.0
6.9 0.2 0.1 0.1 0.1 0.0 0.0 0.5 0.3 0.2
6.8 0.3 0.2 0.1 0.1 0.0 0.0 0.3 0.3 0.2
5.1 0.2 0.1 0.1 0.0 0.0 0.0 0.3 0.4 0.2
17.8 0.2 0.3 0.1 0.1 0.0 0.0 0.5 0.6 0.1
57.8 0.3 0.8 0.2 0.2 0.3 0.1 0.5 1.1 0.1
162.7 0.2 15.7 0.1 2.5 0.3 0.7 0.3 0.4 0.1
59.4 0.5 2.2 0.3 0.4 0.0 0.1 0.5 0.7 0.1
31264.1 0.2 12.5 0.2 6.2 0.5 1.2 0.2 0.4 0.0
55110.3 0.3 7.5 0.2 9.4 2.0 3.0 0.4 0.5 0.0
15.2 0.5 0.2 0.2 0.1 0.0 0.0 0.4 0.7 0.1
12.0 0.2 0.1 0.1 0.1 0.0 0.0 0.3 0.6 0.1
39.5 0.6 0.4 0.3 0.2 0.0 0.1 0.3 0.5 0.1
14.4 0.3 0.2 0.2 0.1 0.0 0.0 0.3 0.4 0.1
16.0 0.2 0.2 0.1 0.1 0.0 0.0 0.2 0.3 0.1
35.7 0.2 0.1 0.1 0.1 0.0 0.0 0.2 0.4 0.0
5.4 0.1 0.1 0.1 0.1 0.0 0.0 0.3 0.3 0.2
8.5 0.2 0.1 0.1 0.1 0.0 0.0 0.3 0.3 0.1
22.5 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
16.6 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
53.4 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
113.7 0.3 0.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0
68870.7 0.1 33.8 0.0 2.3 1.1 0.2 0.0 0.0 0.0
49169.7 0.1 24.9 0.0 1.5 0.3 0.2 0.0 0.0 0.0
43059.2 0.1 20.4 0.0 1.0 0.2 0.1 0.0 0.0 0.0
15.5 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
18.2 0.2 0.1 0.1 0.2 0.2 0.0 0.1 0.0 0.0
20.5 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
33.1 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
149.8 0.3 1.6 0.2 0.3 0.0 0.1 0.0 0.0 0.0
274.9 0.2 4.3 0.2 0.2 0.0 0.1 0.0 0.0 0.0
7.7 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.3 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
7.7 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
6.0 0.5 0.3 0.2 0.2 0.0 0.1 0.0 0.0 0.2
7.0 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1
9.5 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
4.0 0.3 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.1
6.8 0.3 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
7.8 0.4 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.1
42.1 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
75.0 0.1 0.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0
163.4 0.1 1.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0
12.7 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
27.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
77.5 0.2 0.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0
197.1 0.2 1.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0
381.0 0.4 5.8 0.1 0.1 0.0 0.1 0.0 0.0 0.0
82398.4 0.1 35.9 0.0 2.0 0.1 0.5 0.0 0.0 0.0
45173.1 0.1 14.1 0.0 0.7 0.0 0.1 0.0 0.0 0.0
47371.6 0.1 14.0 0.0 0.9 0.0 0.1 0.0 0.0 0.0
12432.6 0.1 11.3 0.0 0.4 0.0 0.0 0.0 0.0 0.0
34.3 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
93.0 0.1 1.2 0.1 0.1 0.0 0.1 0.0 0.0 0.0
383.2 0.1 5.8 0.1 0.2 0.0 0.1 0.0 0.0 0.0
164.1 0.2 1.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
289.4 0.2 3.5 0.1 0.2 0.0 0.1 0.0 0.0 0.0
5781.9 0.1 6.6 0.1 0.8 0.0 0.1 0.0 0.0 0.0
12.7 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
16.4 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
20.7 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
4.9 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
3.6 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
2.5 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.6 0.2 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1
7.0 0.4 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.9 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.7 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
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5.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.0 0.1 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1
7.3 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
8.5 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.0 0.6 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.1
2.7 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
6.7 0.3 0.4 0.2 0.3 0.1 0.1 0.0 0.0 0.2
5.5 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
8.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
10.2 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0
4.1 0.2 0.0 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
6.9 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
3.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
2.7 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
4.4 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
5.9 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
9.9 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
11.7 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
8.5 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.5 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
10.9 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
9.5 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.2 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
66.3 0.3 1.0 0.1 0.2 0.0 0.1 0.0 0.0 0.0
752.1 0.2 54.2 0.1 0.5 0.0 0.1 0.0 0.0 0.1
83741.8 0.3 147.3 0.1 1.3 0.2 0.5 0.0 0.0 0.0
8.4 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
130.7 0.1 2.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
106945.3 0.1 68.7 0.1 2.5 1.0 0.3 0.0 0.0 0.0
9.6 0.4 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.1
11.9 0.6 0.3 0.3 0.1 0.0 0.1 0.0 0.0 0.1
7.1 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
10.7 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
11.6 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
53.1 0.1 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
216.2 0.1 3.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
392.4 0.1 5.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0
1164.4 0.1 22.7 0.1 0.4 0.0 0.1 0.0 0.0 0.0
48.1 0.4 0.4 0.2 0.1 0.0 0.1 0.0 0.0 0.0
157.6 0.2 11.5 0.1 0.3 0.0 0.0 0.0 0.0 0.1
2176.3 0.2 328.3 0.1 58.0 2.8 1.6 0.0 0.0 0.2
6.9 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
9.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
11.5 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
103347.2 0.2 28.7 0.0 1.3 0.1 0.2 0.0 0.0 0.0
96640.6 0.1 26.7 0.0 1.2 0.0 0.2 0.0 0.0 0.0
112781.6 0.2 30.7 0.1 1.3 0.0 0.2 0.0 0.0 0.0
17.9 0.4 0.3 0.2 0.1 0.0 0.1 0.0 0.0 0.1
4.5 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
14.8 0.3 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
9.9 0.5 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
22.0 0.7 0.6 0.3 0.1 0.0 0.0 0.0 0.0 0.1
8.0 0.4 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
10.1 0.5 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
13.5 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
12.2 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
28.0 1.6 1.2 0.8 0.3 0.0 0.1 0.0 0.0 0.1
13.0 0.6 0.3 0.3 0.1 0.0 0.0 0.0 0.0 0.1
9.1 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
5.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.7 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
9.8 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
254.9 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
190.6 0.1 2.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
460.5 0.2 10.2 0.2 0.4 0.0 0.1 0.0 0.0 0.0
4.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8.6 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
8.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
101.7 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
150.4 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
129.4 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
4.9 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.3 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
8.7 0.3 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.1
33.3 0.1 0.2 0.1 0.2 0.1 0.1 0.0 0.0 0.0
52.5 0.1 0.9 0.0 0.2 0.1 0.0 0.0 0.0 0.0
163.7 0.1 4.5 0.1 0.4 1.6 0.2 1.9 0.1 0.1
13.3 0.6 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
12.0 0.3 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
15.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
4.6 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.7 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
55621.3 0.2 69.5 0.2 6.5 4.1 0.9 0.7 0.1 0.0
74393.1 0.4 111.5 0.3 9.5 7.9 1.2 1.5 0.0 0.0
1652731.5 0.1 1795.3 0.0 55.5 53.4 1.0 2.5 0.1 0.0
68572.6 0.1 27.8 0.1 1.2 0.0 0.2 0.0 0.0 0.0
57376.8 0.2 32.0 0.1 1.6 0.1 0.2 0.0 0.0 0.0
820210.7 0.1 293.7 0.1 0.8 0.0 0.1 0.0 0.0 0.0
47.3 1.1 0.7 0.5 0.2 0.0 0.1 0.0 0.0 0.1
21.3 0.9 0.6 0.4 0.2 0.0 0.0 0.0 0.0 0.1
12.8 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
12.6 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
6.6 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.2 0.1
10.4 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
22.5 1.0 0.7 0.5 0.2 0.0 0.1 0.0 0.0 0.1
29.7 1.3 1.0 0.6 0.3 0.0 0.1 0.0 0.0 0.1
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149.4 0.3 1.1 0.1 0.2 0.0 0.1 0.0 0.0 0.0
175.0 0.9 1.0 0.4 0.4 0.0 0.1 0.0 0.0 0.0
217.3 0.5 2.5 0.2 0.3 0.0 0.0 0.0 0.0 0.0
1041.1 0.1 20.0 0.0 0.2 0.1 0.0 0.0 0.0 0.0
26.6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
60.7 0.1 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3465.2 0.1 9.8 0.0 0.2 0.0 0.0 0.0 0.0 0.0
3.9 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.8 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
100.4 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
475.1 0.1 6.9 0.0 0.0 0.2 0.0 0.0 0.0 0.0
35361.3 0.1 62.3 0.0 1.8 0.2 0.2 0.0 0.0 0.0
2.3 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.2 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
5.2 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
11.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
19.8 0.3 0.7 0.1 0.1 0.0 0.1 0.0 0.0 0.1
16.8 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
3.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
13.8 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
2.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.1 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.5 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
1.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.5 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
2.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
2.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.8 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1
13.1 0.0 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0
27.3 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
137.3 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9884.5 0.1 20.7 0.0 0.3 0.1 0.0 0.0 0.0 0.0
14347.6 0.1 20.9 0.0 0.3 0.0 0.0 0.0 0.0 0.0
34928.2 0.1 49.2 0.0 0.6 0.0 0.0 0.0 0.0 0.0
40.4 0.2 0.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0
81.6 0.2 1.5 0.1 0.1 0.6 0.1 0.0 0.0 0.0
30567.3 0.1 20.7 0.0 1.3 0.1 0.3 0.0 0.1 0.0
6.4 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
9.5 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
185.5 0.4 1.5 0.2 0.1 0.1 0.0 0.0 0.0 0.0
6.4 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
73.4 0.2 0.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0
11219.1 0.1 5.6 0.0 0.3 0.0 0.1 0.0 0.0 0.0
4.6 0.3 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
2.8 0.2 0.1 0.1 0.2 0.0 0.0 0.0 0.0 0.2
7.0 0.8 0.3 0.3 0.4 0.0 0.0 0.0 0.0 0.2
42984.8 0.1 12.0 0.0 0.5 0.0 0.1 0.0 0.0 0.0
17616.6 0.1 6.5 0.0 0.4 0.2 0.1 0.0 0.0 0.0
17756.5 0.1 6.5 0.1 0.5 0.0 0.1 0.0 0.0 0.0
6.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
21.6 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
41135.9 0.1 80.3 0.1 12.1 3.4 1.6 0.9 0.1 0.0
57240.4 0.1 101.2 0.0 14.5 4.0 1.9 1.1 0.2 0.0
43756.5 0.1 84.8 0.0 12.1 3.2 1.5 0.8 0.1 0.0
4.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.5 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.1
26.8 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
212.6 1.2 1.2 0.5 0.6 0.0 0.2 0.0 0.0 0.0
4.6 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
130.6 0.6 0.6 0.3 0.3 0.0 0.1 0.0 0.0 0.0
3.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
7.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20.5 0.7 0.4 0.4 0.2 0.0 0.1 0.0 0.0 0.1
3.9 0.6 0.3 0.3 0.2 0.0 0.0 0.0 0.0 0.3
3.5 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
4.3 0.4 0.2 0.2 0.2 0.0 0.0 0.0 0.0 0.2
9.4 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.1
9.1 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.1
9.9 0.1 0.6 0.0 0.1 0.0 0.0 0.0 0.0 0.1
115.2 0.1 2.5 0.0 0.4 0.0 0.1 0.0 0.0 0.0
224.8 0.5 4.4 0.1 0.8 0.0 0.1 0.0 0.0 0.0
138.8 0.1 2.2 0.0 0.4 0.0 0.1 0.0 0.0 0.0
634.7 0.3 13.1 0.0 4.3 2.1 0.3 0.0 0.1 0.0
1106.1 0.3 22.7 0.0 8.2 4.2 0.5 0.0 0.0 0.0
3398.6 0.1 41.9 0.0 12.7 5.9 0.9 0.1 0.0 0.0
10.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
20.4 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
110.9 0.1 1.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
209.8 0.2 3.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0
25807.9 0.4 5.3 0.1 2.4 0.1 0.3 0.0 0.0 0.0
46739.9 0.2 11.7 0.1 1.9 0.2 0.5 0.0 0.0 0.0
1.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2
2.2 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
123.5 0.3 1.0 0.2 0.3 0.1 0.1 0.0 0.0 0.0
154.4 0.1 4.6 0.0 0.4 0.0 0.1 0.0 0.0 0.0
5276.8 0.1 16.0 0.0 1.2 0.1 0.0 0.0 0.0 0.0
17518.2 0.1 492.6 0.0 65.6 94.9 1.1 316.7 315.2 0.1
2.4 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.2
2.9 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
7.7 0.5 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
73.7 0.1 0.5 0.1 0.1 0.0 0.1 0.0 0.0 0.0
137.8 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
13743.4 0.1 13.1 0.0 1.7 0.2 0.1 0.0 0.0 0.0
2.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.6 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
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3.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
5.2 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
734.6 0.2 0.3 0.0 0.2 0.0 0.0 0.0 0.0 0.0
3.0 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
7.1 0.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
103.3 0.3 1.0 0.2 0.2 0.0 0.1 0.0 0.0 0.0
23.3 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
77.8 0.1 0.8 0.0 0.1 0.0 0.0 0.0 0.0 0.0
35.3 0.0 3.1 0.0 0.2 0.0 0.0 0.0 0.0 0.1
10.4 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
73.3 0.1 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10700.1 0.1 2.5 0.0 0.4 0.0 0.1 0.0 0.0 0.0
5.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6.4 0.1 2.1 0.0 0.0 0.0 0.0 0.0 0.0 0.3
2.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
1.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.3 0.2 1.0 0.1 0.1 0.0 0.0 0.0 0.0 0.2
64.2 0.2 20.0 0.1 1.1 1.1 0.1 0.0 0.0 0.3
4492.6 0.1 324.0 0.0 8.6 1.7 0.1 0.3 0.2 0.1
20609.4 0.1 1089.4 0.0 1114.3 14.8 6.0 0.4 0.3 0.1
14.8 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
4.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
12.7 0.1 0.1 0.0 0.1 0.0 0.1 0.0 0.0 0.0
36.0 0.1 0.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0
68.8 0.2 1.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
36.3 0.1 1.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0
2.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
8.2 0.4 0.3 0.2 0.1 0.0 0.1 0.0 0.0 0.1
292.3 0.0 2.6 0.0 0.1 0.0 0.0 0.0 0.0 0.0
13652.2 0.1 23.9 0.0 2.4 0.0 0.0 0.0 0.0 0.0
73816.0 0.1 146.9 0.0 10.9 0.3 0.3 0.7 0.0 0.0
5.8 0.2 0.4 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.2 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.1
12.7 0.1 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0
14.1 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
36.2 0.1 0.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0
51.6 0.1 1.4 0.0 0.5 0.0 0.0 0.0 0.0 0.0
18.4 0.2 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
12.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
45.3 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.4 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
15.9 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
0.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.0 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
3.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
5.9 0.5 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.2
5.7 0.4 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.2
4.9 0.3 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
4.0 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.2
5.4 0.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.2
7.5 0.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
23115.2 0.1 38.7 0.0 4.1 0.0 0.1 0.0 0.0 0.0
11.7 0.3 0.3 0.1 0.2 0.0 0.0 0.0 0.0 0.1
45.7 0.3 1.2 0.2 0.2 0.0 0.0 0.0 0.0 0.0
31861.5 0.1 2171.5 0.1 1828.8 267.6 646.6 104.0 47.0 0.1
21506.3 0.1 1518.8 0.1 1363.2 219.6 563.9 122.6 66.0 0.2
11232.1 0.1 782.4 0.2 771.9 141.1 391.2 118.5 92.0 0.2
10.7 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.1
17.8 0.1 0.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0
78.6 0.2 1.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
2.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.4 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
4.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
20866.3 0.1 121.4 0.1 95.4 19.0 2.9 7.7 0.3 0.0
19002.5 0.2 111.2 0.0 81.3 15.9 2.2 4.2 0.3 0.0
7764.9 0.1 53.5 0.0 28.9 5.5 0.8 2.7 0.1 0.0
14020.8 0.6 79.9 0.0 63.2 12.4 1.9 4.8 0.2 0.0
49.5 0.1 7.1 0.1 0.2 0.0 0.0 0.0 0.0 0.1
313.9 0.2 19.5 0.1 2.0 0.5 0.4 0.0 0.0 0.1
6.9 0.3 1.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
31.5 0.2 13.6 0.1 0.7 0.0 0.2 0.1 0.1 0.3
3.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
42.9 0.6 0.6 0.3 0.2 0.0 0.1 0.0 0.0 0.0
32.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
207.6 0.1 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
35714.2 0.1 1.5 0.0 0.7 0.0 0.2 0.0 0.0 0.0
80.7 0.2 1.5 0.1 0.1 1.0 0.0 0.0 0.0 0.0
172.8 0.1 3.6 0.1 0.1 0.8 0.0 0.0 0.0 0.0
6853.8 0.1 13.4 0.0 0.1 0.5 0.0 0.0 0.0 0.0
2.0 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.2
2.6 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
2.8 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
3.9 0.3 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.2
2.6 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
4.2 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
85.5 0.9 1.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0
33212.0 0.1 24.1 0.0 1.0 0.0 0.2 0.1 0.1 0.0
40956.6 0.1 27.6 0.0 1.2 0.0 0.3 0.0 0.1 0.0
66047.5 0.1 41.7 0.0 1.1 0.1 0.3 0.0 0.0 0.0
33679.3 0.1 20.5 0.0 0.5 0.0 0.1 0.0 0.0 0.0
40596.8 0.1 23.7 0.0 0.6 0.0 0.1 0.0 0.0 0.0
2.6 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
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1.3 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.2
3.6 0.2 1.0 0.1 1.3 0.1 0.3 0.0 0.0 0.5
3.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.6 0.1 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.2
2.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.5 0.1 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.1
3.3 0.0 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1
20.7 0.0 0.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0
19060.9 0.1 51.6 0.0 4.3 0.8 0.3 0.0 0.0 0.0
2.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
6.0 0.6 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.2
3.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
2.9 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.9 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
8.6 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
3.4 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.9 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
8.7 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
32.1 1.1 0.5 0.5 0.3 0.0 0.1 0.0 0.0 0.1
181.2 1.0 2.4 0.4 0.8 0.0 0.3 0.0 0.0 0.0
4.7 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.5 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.1
5.6 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
393.1 1.0 1.8 0.4 0.9 0.0 0.2 0.1 0.1 0.0
9.0 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
423.6 0.5 2.8 0.2 2.6 0.2 0.6 0.1 0.2 0.0
2.6 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.2
1.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.2
2.6 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.1
20318.3 0.1 19.8 0.1 3.3 0.0 0.3 0.0 0.0 0.0
35387.2 0.1 20.3 0.1 2.5 0.0 0.2 0.0 0.0 0.0
22789.8 0.1 17.3 0.0 3.6 0.0 0.4 0.0 0.0 0.0
30.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
277.3 0.2 10.8 0.1 0.9 0.1 0.0 0.0 0.3 0.0
524.5 0.2 44.9 0.0 9.4 3.0 0.6 0.0 2.6 0.1
323.9 0.2 6.9 0.0 0.2 0.0 0.0 0.0 0.0 0.0
39989.5 0.1 67.7 0.0 4.6 0.0 0.3 0.0 0.0 0.0
37394.4 0.1 127.2 0.0 15.5 0.0 0.7 0.0 0.2 0.0
129.4 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
253.3 0.3 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2046.2 0.1 0.2 0.0 0.1 0.0 0.1 0.0 0.0 0.0
9.3 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27.5 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
76.0 0.1 1.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0
5.1 0.0 0.3 0.0 0.2 0.0 0.0 0.0 0.0 0.1
4.1 0.0 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.1
6.7 0.0 0.6 0.0 0.5 0.0 0.0 0.0 0.0 0.1
25.0 0.2 0.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0
67.5 0.1 0.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0
147.2 0.2 1.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
1.2 0.1 0.1 0.0 0.2 0.0 0.0 0.0 0.0 0.2
1.5 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
32.4 0.1 0.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0
32.4 0.1 0.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0
103.9 0.2 3.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
2.7 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
3.8 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.9 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
24985.0 0.1 5.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0
29978.4 0.1 6.2 0.0 0.6 0.0 0.2 0.0 0.0 0.0
49714.3 0.1 8.9 0.1 0.8 0.0 0.2 0.0 0.0 0.0
4.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1
5.5 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1
6.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.1 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
2.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.4 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
59.4 0.2 0.3 0.1 0.2 0.0 0.0 0.0 0.0 0.0
7.1 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
22.6 0.1 0.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0
20268.4 0.1 390.3 0.1 22.2 0.2 1.4 0.0 0.0 0.0
73380.0 0.1 980.4 0.1 61.5 6.1 87.5 46.9 0.4 0.0
41646.5 0.1 534.4 0.1 57.9 12.8 7.3 4.4 0.1 0.0
6683.8 0.1 30.6 0.0 0.4 9.3 0.1 7.6 0.0 0.0
18264.2 0.1 82.2 0.0 0.8 31.6 0.2 14.4 0.0 0.0
17578.8 0.1 76.1 0.0 0.5 22.3 0.3 21.8 8.8 0.0
33.4 0.1 1.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0
1147.2 0.3 2.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0
19260.0 0.1 4.3 0.0 0.3 0.0 0.1 0.0 0.0 0.0
4.8 0.2 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
21.2 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
2125.7 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.6 0.6 0.2 0.3 0.1 0.0 0.0 0.0 0.0 0.2
5.5 0.4 0.2 0.2 0.8 0.0 0.0 0.0 0.0 0.2
4.2 0.3 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.2
42.8 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1288.8 0.5 34.4 0.0 3.0 0.0 0.1 0.0 0.0 0.0
29260.2 0.1 190.8 0.1 77.4 0.0 4.8 0.0 0.0 0.0
67.5 0.3 4.6 0.1 0.2 2.8 0.1 0.0 0.0 0.1
95.7 0.3 8.0 0.2 0.4 4.3 1.0 2.1 0.0 0.1
 335
491.5 0.7 45.0 0.2 1.7 25.4 0.3 22.4 0.1 0.2
1.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.2 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.2
1.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.3 0.2 0.3 0.1 0.3 0.0 0.0 0.0 0.0 0.2
2.8 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.2
2.8 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.1
13.3 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.1
1.7 0.1 0.2 0.1 0.5 0.0 0.0 0.0 0.0 0.3
1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2
1.8 0.1 0.2 0.0 0.2 0.0 0.0 0.0 0.0 0.2
2.4 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
8.6 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
11.0 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
8.2 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1
8.2 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.7 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
2.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
21.6 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
23.7 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
140.5 0.0 1.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.1 0.1 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.1
6.2 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.4 0.2 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.2
3.2 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.6 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
0.7 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.3
1.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.5 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.2
1.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
5.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.3 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
4.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
4.2 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
60.4 0.1 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
222.1 0.1 3.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
733.3 0.1 23.4 0.0 0.1 0.2 0.0 0.0 0.0 0.0
7.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
17.9 0.5 0.4 0.2 0.2 0.0 0.0 0.0 0.0 0.1
2.2 0.1 0.1 0.4 0.2 0.0 0.0 0.0 0.0 0.3
3.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.2 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
3.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.8 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.8 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
9.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.6 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
3.5 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.2
3.9 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
12.6 0.4 1.0 0.3 0.5 0.0 0.0 0.0 0.0 0.1
13.6 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
31.8 0.0 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
83.8 0.0 0.8 0.0 0.2 0.0 0.1 0.0 0.0 0.0
3.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
1.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.4 0.1 0.4 0.0 0.2 0.0 0.0 0.0 0.0 0.2
30432.5 0.1 398.7 0.0 1716.4 567.2 253.3 42.1 6.8 0.1
29957.9 0.1 382.2 0.0 1474.3 448.7 220.6 37.8 6.2 0.1
30153.9 0.1 423.9 0.0 1769.9 559.5 276.5 47.8 8.1 0.1
80.5 0.2 1.8 0.1 0.1 0.0 0.0 0.0 0.0 0.0
229.4 0.1 5.5 0.1 0.2 0.0 0.0 0.0 0.0 0.0
29067.5 0.1 64.8 0.1 4.7 0.2 0.3 0.0 0.1 0.0
15970.5 0.1 4.2 0.0 0.5 0.0 0.1 0.0 0.0 0.0
19703.0 0.1 6.7 0.0 0.6 0.1 0.1 0.1 0.4 0.0
14055.6 0.1 5.0 0.0 0.5 0.0 0.1 0.0 0.0 0.0
43868.7 0.1 56.2 0.0 6.5 0.6 0.4 0.0 0.0 0.0
36888.0 0.1 44.9 0.0 4.1 0.5 0.3 0.0 0.0 0.0
39576.8 0.1 83.0 0.0 3.9 1.0 0.4 0.2 0.0 0.0
50889.3 0.1 480.0 0.0 34.2 5.9 1.3 0.4 0.2 0.0
23685.3 0.1 794.4 0.2 159.2 34.9 5.8 6.5 1.1 0.0
16729.3 0.1 282.5 0.1 580.9 704.6 35.1 86.0 2.1 0.1
0.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.3 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
7.0 0.2 1.0 0.1 0.2 0.0 0.0 0.0 0.0 0.2
118.8 0.1 0.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0
266.8 0.2 2.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0
34784.8 0.1 33.6 0.0 4.2 0.2 0.4 0.1 0.1 0.0
54119.3 0.1 592.7 0.1 54.8 37.0 37.7 92.7 4.4 0.0
32257.9 0.1 594.8 0.1 54.8 12.6 11.1 36.7 3.1 0.0
25264.7 0.1 512.9 0.1 70.6 37.1 26.0 83.9 4.2 0.0
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26948.5 0.1 504.2 0.0 14.4 468.3 6.5 322.0 0.0 0.0
21487.3 0.1 414.3 0.0 12.1 397.5 5.4 258.0 0.0 0.0
26415.3 0.1 467.4 0.0 15.3 373.3 9.5 278.2 0.0 0.0
17948.8 0.1 2196.0 0.0 42.9 1595.9 43.4 2302.1 12.9 0.3
22939.3 0.1 2714.9 0.0 52.4 1946.4 56.0 3039.4 25.1 0.3
17664.9 0.1 2329.0 0.0 46.6 1748.5 47.8 2959.7 62.9 0.3
1.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.2
1.5 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.2
2.1 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
480.7 0.1 2.0 0.0 0.3 0.0 0.0 0.0 0.0 0.0
20334.8 0.1 1.3 0.0 0.7 0.0 0.1 0.0 0.0 0.0
24448.9 0.1 1.4 0.0 0.8 0.0 0.2 0.0 0.0 0.0
267.7 0.2 1.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0
15310.3 0.1 1.4 0.0 2.6 0.1 0.2 0.0 0.0 0.0
15364.8 0.1 1.0 0.0 2.9 0.1 0.2 0.0 0.0 0.0
8.6 0.1 0.4 0.1 0.2 0.0 0.0 0.0 0.0 0.1
6.0 0.0 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.1
29.5 0.1 0.6 0.1 0.3 0.0 0.0 0.0 0.0 0.0
216.0 0.1 4.8 0.1 0.4 0.0 0.0 0.0 0.0 0.0
2559.8 0.1 19.2 0.0 42.5 46.2 7.6 59.5 0.0 0.1
15520.2 0.1 153.2 0.1 148.0 161.8 55.7 214.5 0.0 0.0
194.7 0.1 19.1 0.0 0.8 0.0 0.0 0.0 0.0 0.1
1495.6 0.1 164.1 0.1 13.5 2.0 0.4 0.7 0.0 0.1
20912.3 0.1 398.9 0.0 129.1 120.0 27.4 118.4 0.3 0.0
164.8 0.0 17.2 0.0 1.2 0.1 0.0 0.1 0.0 0.1
327.2 0.1 40.2 0.0 9.1 7.3 0.1 3.6 0.0 0.2
13148.9 0.1 355.5 0.0 202.7 283.8 1.6 119.1 0.4 0.1
1.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.2
1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
1.3 0.1 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.3
14153.9 0.1 1022.7 0.0 243.9 541.5 20.0 19.9 0.6 0.1
11298.4 0.1 783.0 0.2 262.1 555.7 21.6 55.6 1.2 0.1
7644.3 0.1 379.7 0.1 170.1 270.0 12.0 7.6 0.3 0.1
13.8 0.3 0.5 0.2 0.1 0.0 0.0 0.0 0.0 0.1
13.3 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.1
33.4 0.3 1.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
67145.4 0.1 286.7 0.0 49.9 4.2 4.2 0.7 0.5 0.0
70720.1 0.1 353.2 0.0 89.8 15.9 6.6 3.7 1.5 0.0
38269.1 0.1 248.7 0.0 53.7 16.8 3.0 2.7 0.2 0.0
124.1 0.1 1.5 0.0 0.1 0.0 0.0 0.0 0.0 0.0
5349.3 0.1 8.1 0.0 0.3 0.0 0.0 0.0 0.0 0.0
33428.4 0.1 98.4 0.0 5.5 7.3 2.0 16.8 2.4 0.0
26445.2 0.1 1611.6 0.1 1117.3 388.9 834.2 590.3 478.3 0.2
23484.4 0.1 1703.0 0.0 445.4 577.8 1258.9 892.9 799.8 0.2
16908.1 0.1 1201.5 0.0 923.7 314.9 720.8 462.2 409.0 0.2
2.8 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
10.8 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
27.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.4 0.1 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.2
4.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.5 0.1 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.1
20.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
92.9 0.1 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.7 0.0 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
3.6 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
26.3 0.3 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
51.5 0.2 0.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0
100.0 0.2 1.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0
3.2 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.6 0.5 0.2 0.2 0.1 0.0 0.1 0.0 0.0 0.1
8.6 0.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
48416.7 0.1 93.8 0.0 12.3 1.2 0.5 0.0 0.0 0.0
37264.6 0.1 136.8 0.0 20.2 28.7 19.9 67.6 0.5 0.0
17330.3 0.1 192.0 0.1 42.4 80.2 152.0 198.3 7.9 0.0
23308.5 0.1 447.9 0.1 2.8 262.5 1.6 556.3 0.0 0.1
18502.2 0.1 317.2 0.1 1.2 194.6 0.5 316.6 0.0 0.0
15446.2 0.1 299.3 0.1 2.0 198.9 0.9 410.3 0.0 0.1
11.5 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
287.7 0.1 4.1 0.0 0.2 0.0 0.0 0.0 0.0 0.0
31781.9 0.1 11.1 0.0 0.3 0.0 0.1 0.0 0.0 0.0
5.4 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
40.0 0.5 0.7 0.3 0.3 0.0 0.0 0.0 0.0 0.0
140.4 0.2 2.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
3.9 0.3 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.2
4.0 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.2
6.9 0.6 0.3 0.3 0.1 0.0 0.0 0.0 0.0 0.1
4.8 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
5.9 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
5.8 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.4 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
12.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
25.6 0.0 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
43.8 0.1 0.7 0.1 0.0 0.0 0.0 0.0 0.0 0.0
10.4 0.5 0.4 0.3 0.2 0.0 0.0 0.0 0.0 0.1
1.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.6 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
116.7 0.2 1.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
379.3 0.5 4.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0
46568.3 0.1 47.6 0.0 4.4 0.3 0.2 0.0 0.0 0.0
2.4 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
2.9 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
6.9 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0
5.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
15.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
155.8 0.2 0.9 0.0 0.1 0.0 0.0 0.0 0.0 0.0
66.6 0.1 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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94.9 0.1 1.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
5245.7 0.1 2.5 0.0 0.1 0.0 0.0 0.0 0.0 0.0
1.6 0.1 0.1 0.0 0.1 0.0 0.0 0.0 0.0 0.1
2.4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.5 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
151.7 0.1 2.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0
259.0 0.0 4.7 0.0 0.1 0.0 0.0 0.0 0.0 0.0
48910.0 0.1 85.6 0.0 16.8 0.2 0.7 4.4 0.1 0.0
2.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
3.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.3 0.1 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.1 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.8 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
2.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4.1 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.1
3.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.4 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
11.3 0.4 0.3 0.0 0.1 0.0 0.0 0.0 0.0 0.1
6.5 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0
30.2 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
1380.7 0.1 3.2 0.0 0.2 0.0 0.0 0.0 0.0 0.0
1.6 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.2 0.3 0.1 0.2 0.1 0.0 0.0 0.0 0.0 0.3
2.9 0.1 0.0 0.0 0.2 0.0 0.0 0.0 0.0 0.1
2.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
5.6 0.0 1.3 0.0 0.0 0.0 0.0 0.0 0.0 0.2
15.2 0.2 0.3 0.1 0.1 0.0 0.0 0.0 0.0 0.0
10.4 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.9 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1
4.1 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0
10.3 0.1 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0
18.7 0.2 0.5 0.1 0.1 0.0 0.0 0.0 0.0 0.0
551.8 0.1 15.9 0.0 0.4 0.1 0.2 0.0 0.0 0.0
56.7 0.2 0.7 0.1 0.1 0.0 0.0 0.0 0.0 0.0
284.6 0.2 5.6 0.1 0.2 0.1 0.1 0.0 0.0 0.0
25504.0 0.1 5.2 0.0 4.3 0.4 0.6 0.0 0.0 0.0
52.6 0.1 1.0 0.1 0.1 0.0 0.0 0.0 0.0 0.0
104.2 0.1 1.5 0.0 0.1 0.0 0.0 0.0 0.0 0.0
756.9 1.0 6.8 0.1 0.9 0.0 0.0 0.0 0.0 0.0
6.5 0.0 0.2 0.0 0.1 0.0 0.0 0.0 0.0 0.0
45.1 0.1 0.9 0.1 0.1 0.0 0.1 0.0 0.0 0.0
1570.2 0.1 17.9 0.0 3.1 0.4 1.1 0.1 0.1 0.0
7.7 0.5 0.4 0.3 0.2 0.0 0.0 0.0 0.0 0.2
6.1 0.4 0.3 0.2 0.2 0.0 0.0 0.0 0.0 0.1
7.4 0.5 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
44627.8 0.1 52.2 0.0 1.4 0.1 0.2 0.0 0.0 0.0
42586.1 0.1 55.3 0.1 1.8 0.2 0.2 0.1 0.0 0.0
35180.1 0.1 55.8 0.0 1.9 0.2 0.2 0.1 0.0 0.0
3.8 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.2
5.9 0.5 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
4.4 0.2 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.1 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
4.3 0.3 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.1
6.8 0.6 0.3 0.3 0.2 0.0 0.0 0.0 0.0 0.2
30.3 0.8 0.6 0.4 0.3 0.0 0.0 0.0 0.0 0.1
22.0 1.3 1.0 0.6 0.4 0.0 0.2 0.0 0.0 0.1
12.1 0.5 0.3 0.1 0.2 0.0 0.0 0.0 0.0 0.1
152.2 0.3 10.7 0.1 1.2 0.0 0.0 0.0 0.0 0.1
8983.1 0.1 22.1 0.1 2.6 0.6 0.2 0.0 0.0 0.0
31025.0 0.1 38.6 0.1 3.5 0.8 0.2 0.0 0.0 0.0
4.6 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
4.1 0.2 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.1
2.8 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.1
4.5 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.2
4.9 0.4 0.2 0.2 0.1 0.0 0.0 0.0 0.0 0.1
7.1 0.5 0.3 0.2 0.1 0.0 0.0 0.0 0.0 0.1
54.2 0.3 1.1 0.1 0.6 0.1 0.1 0.0 0.0 0.0
219.9 0.5 2.4 0.2 1.4 0.1 0.4 0.0 0.0 0.0
20907.8 0.1 1.7 0.0 0.9 0.1 0.2 0.0 0.0 0.0
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Appendix 2: Selected offshore West Africa global surface geochemical survey 
database spreadsheets. 
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3.2 0.10 0.07 0.08 0.06 0.01 0.03 0.01 0.00 0.07 0.00 12,714
2.7 0.10 0.04 0.04 0.02 0.00 0.04 0.00 0.00 0.11 0.00 5,893
2.6 0.09 0.03 0.04 0.05 0.02 0.05 0.01 0.00 0.11 0.00 4,807
124.9 0.05 1.42 0.02 0.06 0.00 0.04 0.00 0.00 0.10 0.00 28,163
695.7 0.07 6.63 0.03 0.15 0.00 0.04 0.00 0.00 0.00 0.18 3,054
420.4 0.05 4.12 0.02 0.14 0.05 0.00 0.00 0.00 0.16 0.00 11,366
4.3 0.21 0.09 0.06 0.05 0.01 0.04 0.01 0.00 0.14 0.02 437
4.6 0.13 0.04 0.03 0.04 0.00 0.02 0.01 0.00 0.07 0.00 1,429
5.1 0.11 0.02 0.02 0.01 0.00 0.02 0.01 0.00 0.10 0.00 3,044
6.3 0.25 0.22 0.09 0.07 0.02 0.08 0.05 0.00 0.27 0.09 26,193
7.8 0.27 0.13 0.09 0.03 0.02 0.05 0.03 0.00 0.05 0.00 23,599
18.7 0.35 0.19 0.11 0.08 0.01 0.09 0.03 0.03 0.08 0.04 28,160
9.5 0.39 0.24 0.11 0.10 0.02 0.05 0.03 0.00 0.09 0.06 12,775
12.9 0.30 0.25 0.11 0.08 0.03 0.08 0.03 0.00 0.13 0.05 86,656
30.7 0.14 0.45 0.07 0.05 0.03 0.04 0.03 0.00 0.11 0.06 8,634
15.1 1.93 1.63 0.72 0.64 0.04 0.23 0.19 0.00 0.20 0.03 23,931
16.0 2.27 1.64 0.79 0.68 0.05 0.26 0.20 0.00 0.19 0.05 1,489
8.8 1.00 0.50 0.35 0.25 0.02 0.13 0.09 0.00 0.02 0.02 4,096
16.4 2.04 1.63 0.84 0.61 0.02 0.35 0.15 0.03 0.11 0.03 9,896
19.0 1.79 1.24 0.77 0.56 0.03 0.38 0.19 0.01 0.19 0.02 14,579
16.3 2.23 1.62 0.95 0.62 0.04 0.49 0.25 0.03 0.14 0.02 23,799
7.6 0.08 0.09 0.02 0.03 0.00 0.01 0.01 0.01 0.02 0.01 6,953
10.4 0.07 0.10 0.03 0.04 0.01 0.01 0.01 0.00 0.06 0.02 4,571
14.7 0.06 0.16 0.01 0.03 0.01 0.02 0.02 0.01 0.03 0.04 38,672
19.2 0.10 0.15 0.04 0.07 0.01 0.02 0.03 0.00 0.02 0.02 2,436
21.1 0.19 0.17 0.08 0.11 0.02 0.05 0.07 0.00 0.12 0.02 18,456
10.2 0.11 0.14 0.06 0.12 0.01 0.04 0.06 0.00 0.02 0.01 742
3.9 0.06 0.05 0.02 0.02 0.00 0.02 0.01 0.00 0.05 0.02 2,150
3.7 0.06 0.04 0.02 0.02 0.00 0.02 0.01 0.00 0.03 0.01 3,721
4.1 0.05 0.05 0.02 0.02 0.01 0.02 0.01 0.00 0.09 0.01 6,322
3.3 0.03 0.05 0.03 0.05 0.00 0.01 0.01 0.00 0.11 0.01 9,414
5.2 0.03 0.14 0.02 0.04 0.01 0.01 0.02 0.00 0.14 0.01 9,050
20.4 0.05 0.52 0.04 0.08 0.02 0.02 0.01 0.00 0.05 0.02 8,682
4.6 0.23 0.18 0.11 0.05 0.01 0.07 0.03 0.00 0.09 0.00 3,570
4.5 0.22 0.12 0.07 0.04 0.02 0.04 0.02 0.00 0.28 0.00 3,677
4.7 0.17 0.11 0.06 0.04 0.01 0.05 0.03 0.00 0.06 0.05 4,806
12.2 0.23 0.19 0.09 0.09 0.01 0.04 0.05 0.06 0.26 0.06 1,986
15.0 0.24 0.18 0.07 0.08 0.02 0.05 0.03 0.06 0.10 0.00 3,669
15.2 0.12 0.20 0.03 0.05 0.02 0.02 0.02 0.00 0.25 0.00 8,252
709.6 0.02 1.54 0.02 0.79 0.49 0.03 0.13 15.21 0.11 0.03 7,259
46,840.1 0.06 72.31 0.02 20.37 8.99 0.00 2.18 260.84 1.20 0.15 2,100
56,327.8 0.07 73.12 0.02 33.10 16.47 0.00 4.71 682.11 2.62 0.33 4,960
3.0 0.18 0.07 0.06 0.06 0.01 0.06 0.02 0.00 0.04 0.04 3,025
4.2 0.17 0.07 0.04 0.04 0.01 0.03 0.02 0.00 0.02 0.03 10,529
12.3 0.08 0.25 0.02 0.03 0.01 0.03 0.01 0.00 0.04 0.02 4,334
5.3 0.18 0.12 0.06 0.10 0.01 0.03 0.04 0.00 0.19 0.00 3,158
4.3 0.24 0.37 0.11 0.18 0.02 0.06 0.08 0.00 0.25 0.04 159,248
6.6 0.18 0.22 0.06 0.15 0.02 0.06 0.05 0.00 0.05 0.02 2,562
2.8 0.07 0.05 0.03 0.01 0.01 0.01 0.01 0.01 0.09 0.02 7,794
3.0 0.04 0.02 0.01 0.01 0.00 0.01 0.01 0.00 0.02 0.01 304
2.9 0.09 0.04 0.02 0.01 0.00 0.01 0.01 0.00 0.02 0.02 1,552
9.0 0.14 0.07 0.04 0.03 0.03 0.12 0.03 0.00 0.13 0.06 7,480
8.8 0.30 0.21 0.14 0.07 0.02 0.23 0.04 0.00 0.08 0.06 14,602
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
11.0 0.04 0.12 0.01 0.03 0.00 0.01 0.01 0.00 0.01 0.01 1,730
21.6 0.06 0.27 0.02 0.06 0.01 0.01 0.02 0.00 0.02 0.02 8,267
46.7 0.05 1.05 0.02 0.04 0.01 0.01 0.02 0.00 0.11 0.01 611
14.8 0.05 0.30 0.03 0.05 0.02 0.04 0.04 0.00 0.05 0.02 5,093
35.9 0.09 1.12 0.03 0.04 0.01 0.02 0.03 0.00 0.08 0.04 10,443
35.3 0.05 1.01 0.02 0.02 0.01 0.01 0.01 0.00 0.25 0.02 8,967
47.1 0.23 0.91 0.07 0.07 0.03 0.04 0.04 0.00 0.10 0.04 36,315
39.4 0.18 0.68 0.06 0.05 0.02 0.03 0.04 0.00 0.23 0.06 28,160
71.7 0.09 1.21 0.05 0.06 0.01 0.02 0.01 0.00 0.04 0.03 4,819
216.0 0.04 1.46 0.02 0.09 0.05 0.00 0.00 0.00 0.05 0.00 28,163
289.5 0.09 2.21 0.01 0.17 0.03 0.00 0.09 0.00 0.61 0.00 3,054
37,617.2 0.21 37.23 0.03 1.09 0.03 0.01 0.09 0.53 0.10 0.00 11,366
1.9 0.09 0.03 0.01 0.04 0.01 0.02 0.01 0.00 0.04 0.00 730
3.1 0.09 0.03 0.03 0.01 0.01 0.03 0.01 0.01 0.06 0.00 2,686
4.6 0.07 0.05 0.03 0.01 0.00 0.02 0.01 0.00 0.02 0.00 5,259
4.0 0.15 0.06 0.06 0.03 0.01 0.03 0.01 0.00 0.06 0.03 12,392
4.0 0.12 0.06 0.04 0.02 0.01 0.02 0.01 0.01 0.20 0.02 11,001
5.4 0.13 0.06 0.06 0.02 0.01 0.13 0.02 0.00 0.33 0.04 16,516
65.1 0.05 0.63 0.02 0.02 0.01 0.02 0.00 0.00 0.09 0.00 4,819
160.8 0.04 2.02 0.02 0.04 0.01 0.05 0.02 0.00 0.07 0.00 28,163
20,596.8 0.06 50.68 0.01 1.35 0.04 0.00 0.44 0.00 0.09 0.03 3,054
19.4 0.99 1.89 0.99 1.04 0.12 0.34 0.18 0.00 0.03 0.01 11,366
9.2 0.04 0.08 0.03 0.06 0.01 0.01 0.02 0.00 0.02 0.02 447
14.3 0.09 0.14 0.06 0.13 0.02 0.04 0.03 0.00 0.04 0.02 5,283
11.5 0.10 0.13 0.09 0.09 0.03 0.04 0.04 0.00 0.35 0.10 13,988
9.0 0.10 0.05 0.04 0.05 0.02 0.04 0.03 0.00 0.17 0.03 17,026
9.9 0.23 0.19 0.12 0.17 0.03 0.09 0.07 0.00 0.36 0.08 36,315
21.5 0.08 0.21 0.02 0.04 0.01 0.01 0.01 0.00 0.07 0.04 9,293
16.2 0.05 0.19 0.02 0.04 0.00 0.00 0.03 0.00 0.43 0.04 4,819
21.5 0.06 0.28 0.02 0.04 0.01 0.02 0.02 0.00 0.10 0.00 28,163
6.1 0.27 0.15 0.09 0.08 0.01 0.07 0.05 0.01 0.40 0.06 8,200
7.8 0.21 0.24 0.10 0.05 0.02 0.08 0.03 0.00 0.10 0.06 31,560
13.0 0.27 0.26 0.11 0.18 0.03 0.06 0.06 0.00 0.11 0.04 1,851
52,501.3 0.06 16.78 0.02 0.80 0.08 0.00 0.18 0.00 0.13 0.02 2,944
29,657.0 0.27 13.95 0.08 0.75 0.06 0.04 0.13 0.29 0.15 0.00 5,530
63,913.5 0.05 22.15 0.03 0.79 0.04 0.00 0.05 0.00 0.14 0.00 8,967
35.7 0.15 0.34 0.06 0.10 0.02 0.07 0.04 0.01 0.11 0.07 32,588
44.7 0.14 0.62 0.06 0.05 0.02 0.03 0.03 0.04 0.10 0.05 21,716
65.7 0.08 1.16 0.03 0.06 0.02 0.03 0.02 0.00 0.08 0.03 8,256
8.4 0.25 0.15 0.10 0.11 0.01 0.05 0.04 0.00 0.07 0.03 56,088
17.5 0.20 0.29 0.07 0.17 0.01 0.04 0.07 0.00 0.04 0.04 7,180
19.6 0.12 0.31 0.08 0.11 0.02 0.05 0.03 0.00 0.31 0.05 26,881
16.4 0.76 0.55 0.24 0.40 0.02 0.11 0.06 1.62 0.16 0.05 7,070
5.9 0.10 0.17 0.04 0.04 0.01 0.02 0.02 0.33 0.12 0.03 4,271
33.7 0.28 0.72 0.10 0.20 0.01 0.05 0.03 0.18 0.14 0.04 5,548
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4.9 0.34 0.27 0.11 0.19 0.02 0.04 0.03 0.00 0.10 0.03 2,199
6.1 0.08 0.16 0.03 0.07 0.01 0.02 0.01 0.00 0.09 0.02 2,070
12.2 0.10 0.27 0.04 0.04 0.01 0.01 0.01 0.00 0.16 0.05 7,581
2.6 0.05 0.06 0.02 0.02 0.01 0.02 0.03 0.00 0.06 0.02 7,096
2.0 0.04 0.04 0.01 0.04 0.01 0.01 0.01 0.00 0.05 0.02 1,434
5.7 0.06 0.13 0.05 0.11 0.01 0.02 0.02 0.00 0.15 0.03 8,576
6.4 0.11 0.11 0.03 0.03 0.00 0.02 0.01 0.00 0.21 0.00 1,525
5.7 0.06 0.03 0.02 0.02 0.01 0.01 0.01 0.00 0.06 0.02 7,729
13.2 0.11 0.13 0.03 0.03 0.00 0.02 0.02 0.00 0.16 0.03 4,610
3.2 0.05 0.04 0.02 0.03 0.01 0.01 0.01 0.00 0.13 0.03 2,208
4.3 0.05 0.08 0.02 0.02 0.01 0.02 0.01 0.00 0.11 0.04 58,341
7.1 0.05 0.12 0.03 0.03 0.01 0.09 0.01 0.00 0.17 0.00 1,994
6.2 0.09 0.09 0.03 0.07 0.01 0.02 0.01 0.00 0.20 0.03 14,515
5.8 0.07 0.15 0.02 0.05 0.01 0.01 0.01 0.00 0.10 0.00 551
14.7 0.10 0.24 0.03 0.06 0.01 0.02 0.03 0.00 0.18 0.00 3,134
10.7 0.69 0.44 0.29 0.52 0.12 0.17 0.27 0.08 0.18 0.00 4,254
4.0 0.20 0.15 0.07 0.13 0.01 0.03 0.04 0.00 0.03 0.02 3,903
9.0 0.57 0.42 0.22 0.47 0.06 0.07 0.15 0.00 0.12 0.03 33,815
2.2 0.40 0.20 0.15 0.16 0.02 0.06 0.03 0.00 0.26 0.00 4,332
1.7 0.39 0.14 0.15 0.15 0.01 0.08 0.05 0.05 0.14 0.00 16,849
3.6 0.60 0.33 0.28 0.30 0.02 0.17 0.06 0.00 0.06 0.04 1,152
13.1 0.82 0.43 0.31 0.45 0.04 0.19 0.07 0.00 0.07 0.00 5,537
12.0 0.65 0.42 0.28 0.39 0.03 0.15 0.06 0.00 0.04 0.01 7,204
4.8 0.21 0.17 0.08 0.14 0.01 0.04 0.02 0.00 0.10 0.00 5,978
6.1 0.47 0.25 0.14 0.20 0.01 0.08 0.03 0.00 0.18 0.04 19,100
7.3 0.49 0.37 0.20 0.31 0.01 0.09 0.03 0.00 0.12 0.03 12,516
7.3 0.31 0.23 0.10 0.15 0.01 0.04 0.03 0.12 0.06 0.00 5,171
6.5 0.45 0.30 0.16 0.18 0.01 0.08 0.04 0.07 0.03 0.00 34,995
3.0 0.23 0.14 0.09 0.12 0.00 0.05 0.04 0.05 0.04 0.00 1,839
4.6 0.27 0.21 0.11 0.16 0.00 0.17 0.05 0.06 0.39 0.01 10,368
2.4 0.05 0.03 0.05 0.02 0.01 0.02 0.01 0.00 0.54 0.00 484
3.1 0.06 0.06 0.11 0.06 0.01 0.03 0.01 0.01 0.65 0.01 2,560
1.1 0.05 0.05 0.05 0.02 0.01 0.01 0.01 0.00 0.40 0.01 3,019
9.4 0.03 0.05 0.01 0.06 0.01 0.02 0.01 0.00 0.08 0.00 5,398
16.3 0.06 0.08 0.03 0.05 0.01 0.03 0.02 0.01 0.05 0.24 14,316
15.5 0.03 0.08 0.03 0.06 0.01 0.02 0.02 0.01 0.02 0.03 8,650
2.4 0.03 0.02 0.02 0.02 0.01 0.02 0.00 0.04 0.02 0.00 2,686
3.7 0.08 0.04 0.04 0.04 0.01 0.02 0.02 0.06 0.02 0.00 24,302
6.5 0.15 0.10 0.06 0.08 0.02 0.04 0.04 0.00 0.04 0.02 3,933
2.4 0.08 0.07 0.05 0.04 0.01 0.02 0.02 0.01 0.02 0.01 14,087
2.8 0.08 0.01 0.03 0.04 0.01 0.02 0.00 0.00 0.01 0.00 484
2.1 0.08 0.04 0.06 0.07 0.01 0.02 0.01 0.00 0.01 0.01 2,065
5.6 0.59 0.25 0.21 0.38 0.19 0.12 0.26 0.07 0.01 0.00 7,353
3.0 0.42 0.15 0.15 0.24 0.12 0.11 0.12 0.00 0.02 0.01 8,821
1.8 0.23 0.08 0.09 0.12 0.06 0.06 0.07 0.00 0.05 0.00 6,725
1.1 0.13 0.05 0.05 0.06 0.01 0.03 0.02 0.00 0.02 0.00 5,677
3.9 0.46 0.19 0.19 0.22 0.06 0.09 0.08 0.01 0.04 0.00 6,888
3.1 0.30 0.14 0.13 0.14 0.02 0.07 0.06 0.00 0.04 0.02 39,174
2.1 0.26 0.12 0.09 0.11 0.02 0.06 0.04 0.00 0.00 0.00 3,054
2.7 0.24 0.09 0.08 0.10 0.01 0.05 0.03 0.01 0.03 0.02 11,366
2.5 0.24 0.11 0.10 0.08 0.01 0.05 0.02 0.01 0.02 0.01 611
1.8 0.17 0.05 0.06 0.06 0.01 0.04 0.02 0.01 0.02 0.00 2,057
3.9 0.21 0.08 0.08 0.09 0.01 0.05 0.02 0.00 0.00 0.00 6,820
4.3 0.29 0.13 0.11 0.10 0.01 0.04 0.03 0.01 0.05 0.02 7,216
2.9 0.24 0.09 0.08 0.09 0.01 0.05 0.02 0.00 0.09 0.00 11,296
4.4 0.32 0.15 0.11 0.16 0.02 0.07 0.04 0.01 0.04 0.01 13,562
3.9 0.28 0.13 0.10 0.11 0.01 0.04 0.03 0.00 0.00 0.01 5,087
1.5 0.06 0.04 0.03 0.04 0.01 0.02 0.02 0.00 0.09 0.03 23,545
2.2 0.11 0.06 0.06 0.06 0.01 0.03 0.00 0.01 0.00 0.00 3,120
2.7 0.07 0.05 0.03 0.04 0.01 0.02 0.02 0.02 0.00 0.00 10,008
10.3 0.06 0.04 0.02 0.02 0.02 0.02 0.02 0.00 0.00 0.00 644
0.1 0.01 0.01 0.02 0.01 0.03 0.00 0.01 0.00 0.01 0.00 2,197
14.2 0.09 0.11 0.01 0.01 0.06 0.00 0.03 0.00 0.00 0.00 6,108
5.5 0.12 0.16 0.05 0.15 0.02 0.00 0.03 0.00 0.00 0.00 8,613
8.6 0.05 0.14 0.08 0.09 0.03 0.00 0.00 0.00 0.00 0.00 13,576
11.8 0.06 0.17 0.02 0.06 0.01 0.00 0.00 0.00 0.00 0.00 7,459
7.0 0.04 0.02 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 3,592
35.5 0.11 0.13 0.04 0.08 0.02 0.04 0.03 0.00 0.04 0.00 60,159
32.8 0.12 0.12 0.04 0.05 0.01 0.01 0.03 0.00 0.00 0.05 5,142
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
68.6 0.09 0.68 0.05 0.16 0.03 0.05 0.05 0.00 0.00 0.07 3,940
52.7 0.07 0.51 0.04 0.09 0.01 0.02 0.03 0.00 0.04 0.04 4,400
49.6 0.06 0.57 0.03 0.08 0.01 0.01 0.03 0.00 0.07 0.02 8,087
3.7 0.17 0.11 0.07 0.13 0.01 0.04 0.03 0.00 0.05 0.01 9,981
8.5 0.28 0.21 0.10 0.26 0.02 0.03 0.06 0.00 0.06 0.03 11,445
9.0 0.33 0.24 0.13 0.25 0.02 0.06 0.06 0.00 0.08 0.07 5,706
4.7 0.39 0.23 0.16 0.17 0.00 0.06 0.03 0.00 0.05 0.03 24,395
10.2 0.88 0.28 0.30 0.36 0.02 0.12 0.06 0.00 0.08 0.03 5,610
7.1 0.30 0.15 0.10 0.12 0.01 0.04 0.02 0.00 0.06 0.02 11,759
6.8 0.04 0.08 0.01 0.03 0.00 0.01 0.01 0.00 0.02 0.02 576
7.0 0.07 0.10 0.03 0.04 0.00 0.01 0.01 0.00 0.04 0.03 2,518
15.3 0.07 0.17 0.03 0.06 0.01 0.03 0.02 0.00 0.04 0.05 5,579
4.3 0.18 0.07 0.05 0.07 0.01 0.02 0.03 0.00 0.05 0.03 10,821
4.4 0.07 0.06 0.01 0.03 0.01 0.01 0.01 0.00 0.02 0.02 8,116
8.7 0.07 0.09 0.03 0.05 0.01 0.01 0.01 0.00 0.04 0.04 8,121
12.5 0.08 0.18 0.04 0.06 0.01 0.01 0.02 0.00 0.06 0.05 6,229
10.9 0.06 0.18 0.02 0.05 0.00 0.01 0.01 0.00 0.03 0.00 27,291
23.8 0.11 0.26 0.05 0.07 0.01 0.02 0.04 0.00 0.10 0.00 6,496
11.4 0.21 0.25 0.07 0.18 0.01 0.03 0.04 0.00 0.03 0.02 8,439
14.7 0.30 0.24 0.09 0.17 0.01 0.04 0.04 0.00 0.05 0.00 509
45.8 0.52 0.60 0.19 0.30 0.01 0.08 0.06 0.00 0.15 0.02 5,670
6.3 0.28 0.22 0.12 0.19 0.01 0.06 0.04 0.00 0.05 0.00 8,595
11.0 0.42 0.36 0.21 0.31 0.01 0.08 0.06 0.00 0.10 0.00 22,506
5.6 0.07 0.10 0.04 0.05 0.00 0.01 0.01 0.00 0.02 0.00 9,342
120,557.1 0.18 76.09 0.02 3.17 0.25 0.00 0.76 0.00 0.33 0.02 10,461
110,171.1 0.21 60.45 0.02 3.77 0.28 0.00 1.11 0.00 0.39 0.01 5,634
95,438.7 0.09 46.53 0.01 3.27 0.32 0.00 0.98 0.00 0.32 0.02 5,784
5.9 0.04 0.04 0.02 0.02 0.00 0.01 0.01 0.00 0.04 0.02 1,640
1.6 0.03 0.02 0.02 0.00 0.00 0.00 0.01 0.00 0.03 0.03 678
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0.1 0.00 0.01 0.02 0.00 0.03 0.00 0.00 0.00 0.01 0.00 1,625
1.1 0.08 0.03 0.03 0.02 0.01 0.03 0.02 0.00 0.03 0.00 951
0.1 0.01 0.02 0.01 0.02 0.01 0.01 0.13 0.00 0.15 0.02 4,625
2.2 0.04 0.02 0.03 0.02 0.01 0.02 0.01 0.00 0.04 0.04 8,883
1.7 0.10 0.11 0.05 0.11 0.00 0.02 0.00 0.00 0.00 0.00 1,434
2.9 0.03 0.04 0.01 0.02 0.00 0.01 0.01 0.02 0.02 0.00 3,439
3.8 0.02 0.05 0.01 0.02 0.00 0.01 0.01 0.00 0.02 0.00 1,159
1.3 0.03 0.03 0.01 0.03 0.00 0.01 0.01 0.00 0.02 0.00 4,907
3.8 0.03 0.06 0.01 0.02 0.00 0.01 0.01 0.00 0.02 0.02 2,643
27.6 0.13 0.35 0.05 0.09 0.01 0.01 0.03 0.00 0.08 0.06 4,679
31.1 0.22 0.36 0.09 0.18 0.02 0.07 0.05 0.00 0.08 0.03 85,560
21.0 0.10 0.28 0.08 0.10 0.01 0.05 0.02 0.00 0.03 0.03 1,589
18.9 0.07 0.27 0.05 0.11 0.00 0.03 0.03 0.00 0.03 0.00 7,417
1.1 0.20 0.17 0.09 0.10 0.01 0.04 0.03 0.00 0.04 0.01 438
2.1 0.14 0.16 0.21 0.21 0.01 0.03 0.08 0.00 0.06 0.05 1,946
1.8 0.22 0.22 0.10 0.17 0.01 0.05 0.04 0.00 0.06 0.03 3,445
7.2 0.22 0.18 0.07 0.14 0.00 0.03 0.04 0.00 0.03 0.01 2,984
20.6 0.30 0.38 0.09 0.18 0.00 0.04 0.04 0.00 0.14 0.04 35,348
31.4 0.22 0.42 0.09 0.16 0.01 0.04 0.03 0.00 0.06 0.00 4,103
12.6 0.76 0.22 0.23 0.19 0.01 0.10 0.04 0.00 0.11 0.00 18,905
25.6 0.84 0.39 0.26 0.27 0.02 0.11 0.07 0.00 0.09 0.00 1,072
12.6 0.45 0.29 0.14 0.19 0.01 0.06 0.04 0.00 0.09 0.00 3,069
2.3 0.05 0.03 0.02 0.03 0.00 0.01 0.01 0.00 0.04 0.02 3,424
3.0 0.09 0.05 0.03 0.03 0.01 0.02 0.01 0.00 0.03 0.05 9,001
9.3 0.15 0.09 0.05 0.07 0.01 0.02 0.02 0.00 0.07 0.00 18,651
4.6 0.68 0.46 0.27 0.17 0.01 0.14 0.05 0.00 0.08 0.06 1,648
3.5 0.28 0.15 0.12 0.06 0.02 0.08 0.02 0.00 0.07 0.05 8,097
3.3 0.23 0.08 0.08 0.03 0.01 0.09 0.02 0.01 0.31 0.07 13,139
5.3 0.05 0.10 0.03 0.06 0.01 0.02 0.02 0.00 0.27 0.02 13,275
9.4 0.06 0.08 0.04 0.05 0.01 0.03 0.01 0.01 0.09 0.03 16,308
26.8 0.07 0.27 0.04 0.10 0.01 0.03 0.02 0.00 0.07 0.02 7,309
26,660.4 0.05 25.69 0.03 14.94 3.81 0.00 0.81 126.34 1.43 0.19 4,819
33,870.2 0.05 25.55 0.04 22.27 5.44 0.00 1.33 269.77 1.55 0.23 28,163
58,591.5 0.07 45.83 0.02 27.60 7.76 0.00 2.20 426.93 1.87 0.19 3,054
10.6 0.15 0.26 0.10 0.17 0.01 0.06 0.05 0.00 0.17 0.00 27,582
84.6 0.07 1.16 0.03 0.06 0.02 0.02 0.02 0.00 0.21 0.08 954
37,438.6 0.07 31.15 0.04 1.32 0.10 0.00 0.07 0.00 0.09 0.02 2,944
33.9 0.05 0.09 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 3,141
51.9 0.08 0.12 0.04 0.06 0.00 0.00 0.06 0.00 0.45 0.00 13,052
24.8 0.33 1.07 0.38 0.52 0.02 0.18 0.11 0.00 0.12 0.00 11,984
3.3 0.04 0.06 0.02 0.05 0.02 0.01 0.02 0.00 0.08 0.05 7,431
7.6 0.04 0.15 0.03 0.06 0.01 0.02 0.02 0.00 0.06 0.06 3,780
1,250.2 0.11 51.48 0.04 0.93 0.10 0.02 0.07 0.00 0.09 0.05 28,163
24.7 0.26 0.22 0.12 0.14 0.07 0.12 0.05 0.00 0.07 0.08 7,159
32.7 0.20 0.23 0.09 0.09 0.03 0.11 0.04 0.00 0.88 0.06 23,238
23,667.2 0.06 6.69 0.02 0.32 0.09 0.04 0.11 1.14 0.04 0.00 611
22,858.8 0.07 9.52 0.02 0.38 0.04 0.01 0.11 0.00 0.06 0.01 2,944
41,776.6 0.04 10.20 0.01 0.49 0.01 0.11 0.15 0.22 0.63 0.00 5,530
7.8 0.08 0.17 0.02 0.06 0.00 0.00 0.05 0.17 0.16 0.00 11,156
15.9 0.07 0.29 0.02 0.06 0.01 0.00 0.00 0.00 0.19 0.00 10,211
56.4 0.04 1.00 0.01 0.05 0.03 0.00 0.00 0.00 0.00 0.00 8,090
18.6 0.29 0.28 0.15 0.25 0.01 0.08 0.05 0.00 0.18 0.16 8,279
81.2 0.07 0.09 0.03 0.05 0.01 0.02 0.01 0.00 0.08 0.05 38,374
249.1 0.13 0.15 0.05 0.07 0.02 0.04 0.01 0.00 0.11 0.00 10,675
3.5 0.14 0.09 0.04 0.02 0.01 0.04 0.01 0.00 0.20 0.04 12,570
3.3 0.12 0.07 0.04 0.04 0.01 0.04 0.02 0.00 0.25 0.02 830
15.9 0.26 0.39 0.12 0.14 0.02 0.09 0.05 0.04 0.41 0.10 8,923
5.5 0.10 0.06 0.05 0.03 0.01 0.03 0.01 0.01 0.11 0.03 7,987
6.2 0.07 0.10 0.02 0.03 0.01 0.02 0.02 0.00 0.07 0.03 7,886
13.0 0.12 0.27 0.03 0.07 0.01 0.02 0.01 0.00 0.11 0.04 15,894
5.7 0.06 0.12 0.02 0.04 0.01 0.02 0.02 0.00 0.11 0.04 9,211
9.0 0.04 0.15 0.02 0.05 0.01 0.01 0.01 0.00 0.07 0.01 3,424
11.9 0.05 0.19 0.02 0.04 0.01 0.01 0.01 0.00 0.04 0.03 1,198
3.4 0.29 0.27 0.11 0.17 0.02 0.07 0.06 0.00 0.06 0.00 1,462
4.9 0.24 0.27 0.16 0.22 0.02 0.05 0.04 0.00 0.07 0.07 3,152
5.8 0.16 0.16 0.06 0.14 0.01 0.04 0.05 0.00 0.04 0.05 2,100
6.5 0.19 0.22 0.12 0.18 0.02 0.05 0.04 0.00 0.31 0.04 1,035
6.8 0.12 0.17 0.10 0.16 0.01 0.04 0.03 0.00 0.20 0.05 9,765
23.8 0.12 0.38 0.10 0.16 0.01 0.05 0.05 0.00 0.08 0.05 13,803
53,723.4 0.06 56.42 0.05 2.17 0.35 0.05 0.54 1.08 0.27 0.18 2,100
51,802.8 0.05 23.22 0.02 1.67 0.04 0.00 0.46 1.99 0.33 0.14 4,960
6,692.0 0.08 11.86 0.07 0.45 0.02 0.00 0.14 0.01 0.06 0.01 1,711
64,173.3 0.09 40.37 0.02 2.27 0.08 0.00 0.82 3.10 0.41 0.08 10,437
47,608.7 0.06 22.12 0.04 2.45 0.08 0.00 0.92 3.93 0.41 0.05 4,065
17.8 0.05 0.13 0.01 0.03 0.00 0.01 0.02 0.00 0.03 0.02 1,339
15.1 0.06 0.12 0.01 0.04 0.01 0.01 0.00 0.00 0.13 0.02 31,679
5.8 0.07 0.11 0.05 0.07 0.00 0.03 0.02 0.00 0.03 0.00 1,166
17,827.3 0.04 13.16 0.02 0.30 0.04 0.04 0.15 0.00 0.08 0.00 9,217
19,319.3 0.05 8.46 0.02 0.31 0.02 0.03 0.18 0.00 0.15 0.00 524
36,974.3 0.06 13.94 0.01 0.52 0.06 0.00 0.30 4.60 0.17 0.00 2,262
4.4 0.20 0.13 0.08 0.04 0.04 0.04 0.05 0.00 0.11 0.13 4,561
5.2 0.15 0.07 0.06 0.04 0.02 0.04 0.02 0.00 0.06 0.00 8,588
5.8 0.19 0.11 0.08 0.04 0.01 0.06 0.03 0.03 0.10 0.00 49,850
4.8 0.25 0.16 0.09 0.05 0.01 0.04 0.01 0.00 0.05 0.00 4,630
4.7 0.17 0.06 0.06 0.05 0.01 0.04 0.03 0.00 0.12 0.00 17,480
6.6 0.17 0.22 0.14 0.06 0.02 0.03 0.03 0.00 0.14 0.00 1,384
4.3 0.09 0.06 0.04 0.02 0.01 0.02 0.01 0.00 0.07 0.00 2,864
3.6 0.06 0.05 0.02 0.02 0.00 0.01 0.01 0.00 0.04 0.02 3,320
4.0 0.09 0.06 0.03 0.03 0.01 0.02 0.01 0.00 0.07 0.00 6,322
19.9 0.08 0.03 0.02 0.03 0.01 0.01 0.01 0.00 0.09 0.02 7,509
17.5 0.08 0.04 0.03 0.02 0.01 0.02 0.01 0.01 0.15 0.03 6,838
37.2 0.08 0.05 0.03 0.03 0.01 0.01 0.01 0.01 0.07 0.03 4,142
26,284.3 0.02 9.14 0.02 3.87 0.17 0.00 1.00 0.00 0.17 0.02 611
63,842.0 0.05 62.62 0.05 3.28 0.22 0.00 1.34 0.00 0.31 0.00 11,366
117,928.8 0.11 97.62 0.03 3.43 0.24 0.00 1.67 0.00 0.27 0.14 3,054
5.7 0.09 0.06 0.04 0.03 0.01 0.03 0.02 0.00 0.08 0.08 3,027
8.0 0.20 0.08 0.08 0.04 0.01 0.04 0.03 0.00 0.13 0.00 9,591
7.4 0.15 0.07 0.04 0.03 0.01 0.02 0.01 0.00 0.05 0.03 9,744
130.2 0.10 1.30 0.04 0.08 0.02 0.02 0.03 0.00 0.20 0.00 29,082
121.2 0.05 1.43 0.02 0.07 0.01 0.01 0.01 0.00 0.09 0.04 9,293
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156.8 0.04 3.10 0.02 0.17 0.00 0.01 0.02 0.00 0.12 0.00 4,819
5.6 0.21 0.22 0.05 0.10 0.01 0.07 0.03 0.00 0.30 0.00 47,606
13.0 0.14 0.27 0.04 0.10 0.01 0.03 0.03 0.00 0.17 0.00 3,686
39.8 0.11 0.65 0.03 0.06 0.01 0.02 0.01 0.00 0.18 0.00 17,595
2.6 0.14 0.06 0.04 0.03 0.01 0.03 0.02 0.00 0.18 0.03 948
3.3 0.11 0.05 0.04 0.02 0.01 0.04 0.01 0.00 0.17 0.00 4,388
3.8 0.11 0.05 0.05 0.06 0.00 0.03 0.02 0.00 0.11 0.00 5,319
4.1 0.09 0.04 0.04 0.01 0.01 0.04 0.01 0.00 0.15 0.00 9,012
9.5 0.12 0.05 0.04 0.03 0.01 0.03 0.02 0.00 0.18 0.00 15,121
17.7 0.22 0.10 0.07 0.06 0.01 0.06 0.02 0.00 0.11 0.04 14,791
4.8 0.15 0.05 0.05 0.06 0.03 0.00 0.02 0.00 0.04 0.00 7,209
4.2 0.10 0.06 0.03 0.02 0.00 0.02 0.01 0.00 0.06 0.01 21,372
6.5 0.13 0.08 0.04 0.04 0.01 0.03 0.02 0.00 0.10 0.01 5,219
3.4 0.13 0.04 0.05 0.02 0.01 0.02 0.02 0.89 0.05 0.00 16,849
4.0 0.10 0.04 0.04 0.02 0.01 0.02 0.02 0.17 0.12 0.00 851
7.8 0.25 0.09 0.07 0.05 0.02 0.03 0.02 0.19 0.33 0.05 5,446
4.9 0.23 0.11 0.08 0.05 0.02 0.03 0.02 0.19 0.11 0.00 9,775
5.0 0.13 0.06 0.05 0.03 0.01 0.03 0.02 0.10 0.11 0.00 9,768
13.9 1.13 0.88 0.50 0.47 0.06 1.37 0.13 0.00 0.27 0.07 25,160
6.2 0.23 0.16 0.07 0.05 0.02 0.02 0.02 0.00 0.35 0.08 15,645
9.4 0.18 0.09 0.06 0.07 0.01 0.03 0.03 0.00 0.27 0.00 9,024
10.0 0.27 0.11 0.12 0.08 0.01 0.05 0.02 0.00 0.22 0.00 36,221
54.1 0.11 0.53 0.03 0.07 0.01 0.02 0.03 0.00 0.17 0.00 3,442
84.0 0.09 0.68 0.03 0.07 0.01 0.04 0.02 0.00 0.20 0.06 14,693
147.1 0.09 1.37 0.02 0.19 0.01 0.02 0.02 0.00 0.12 0.00 611
27.8 0.11 0.28 0.04 0.10 0.02 0.04 0.02 0.00 0.29 0.00 5,162
33.4 0.12 0.26 0.04 0.05 0.01 0.01 0.02 0.00 0.31 0.00 10,270
30.8 0.08 0.23 0.04 0.06 0.01 0.03 0.02 0.00 0.21 0.00 11,459
3.0 0.22 0.09 0.08 0.02 0.01 0.06 0.04 0.04 0.25 0.09 76,707
3.6 0.25 0.19 0.12 0.09 0.03 0.07 0.02 0.00 0.08 0.06 9,255
3.4 0.20 0.10 0.08 0.03 0.02 0.09 0.04 0.00 0.33 0.09 34,442
12.8 0.41 0.20 0.20 0.12 0.03 0.16 0.06 0.00 0.26 0.05 1,577
5.9 0.23 0.16 0.14 0.11 0.02 0.14 0.05 0.00 0.12 0.04 5,107
8.0 0.27 0.14 0.13 0.11 0.01 0.08 0.03 0.00 0.04 0.02 5,206
24.1 0.91 0.44 0.26 0.23 0.01 0.15 0.10 0.00 0.05 0.06 28,160
155.9 0.33 1.96 0.25 0.32 0.07 0.12 0.12 0.00 0.07 0.05 11,984
222.5 0.30 1.43 0.20 0.27 0.04 0.11 0.14 0.00 0.11 0.01 8,967
16.9 0.22 0.10 0.05 0.05 0.01 0.05 0.02 0.00 0.05 0.02 6,987
12.6 0.10 0.15 0.05 0.06 0.01 0.04 0.02 0.01 0.04 0.04 45,548
6.0 0.17 0.27 0.14 0.14 0.01 0.07 0.04 0.00 0.15 0.03 4,411
1.7 0.24 0.13 0.10 0.04 0.02 0.07 0.02 0.00 0.28 0.04 25,365
2.1 0.44 0.26 0.13 0.07 0.02 0.10 0.04 0.00 0.33 0.07 1,851
1.9 0.15 0.10 0.12 0.11 0.02 0.08 0.03 0.00 0.10 0.05 8,378
86,692.3 0.32 22.66 0.06 4.96 6.60 0.00 1.06 29.47 1.71 0.13 5,530
50,372.9 0.27 19.77 0.08 7.29 28.87 0.00 3.19 55.66 9.14 0.09 8,967
52,235.8 0.23 14.09 0.11 6.24 5.85 0.00 0.75 78.77 1.01 0.07 11,984
1,535.8 0.08 8.59 0.04 0.17 0.00 0.00 0.00 0.00 0.17 0.00 9,293
3,669.1 0.07 17.60 0.02 0.52 0.10 0.00 0.00 0.00 0.48 0.00 4,819
11,655.0 0.07 39.16 0.02 1.89 0.04 0.00 0.07 0.24 0.00 0.00 28,163
9.9 0.08 0.10 0.03 0.05 0.01 0.02 0.01 0.00 0.03 0.01 2,557
31.2 0.07 0.33 0.02 0.02 0.01 0.01 0.01 0.01 0.08 0.01 8,406
26.5 0.08 0.28 0.04 0.06 0.02 0.03 0.02 0.01 0.16 0.03 798
4.5 0.07 0.05 0.03 0.02 0.01 0.03 0.01 0.01 0.08 0.04 2,941
6.7 0.06 0.08 0.02 0.02 0.01 0.01 0.01 0.01 0.02 0.01 3,032
9.6 0.06 0.14 0.02 0.04 0.01 0.01 0.01 0.00 0.03 0.02 8,527
4.1 0.21 0.10 0.09 0.01 0.02 0.06 0.04 0.00 0.21 0.01 26,943
4.7 0.19 0.05 0.07 0.05 0.02 0.04 0.03 0.00 0.12 0.03 18,299
6.0 0.20 0.10 0.08 0.05 0.02 0.10 0.05 0.00 0.11 0.00 14,602
4,544.8 3.22 1.16 0.31 1.14 0.05 0.23 0.69 0.15 0.06 0.22 28,163
756.5 0.68 1.18 0.51 0.55 0.07 0.30 0.32 0.04 0.05 0.06 9,255
100,077.2 0.07 39.64 0.04 2.88 0.28 0.00 0.77 16.20 0.63 0.00 11,366
44,573.1 0.25 16.30 0.07 2.95 0.15 0.00 0.73 14.74 0.19 0.06 611
46,610.8 0.26 11.69 0.08 4.11 0.27 0.00 0.39 28.50 0.37 0.00 2,944
11.0 0.27 0.13 0.11 0.03 0.02 0.09 0.03 0.00 0.05 0.04 16,758
10.2 0.28 0.15 0.08 0.05 0.02 0.09 0.04 0.00 0.06 0.05 27,172
23.6 0.20 0.08 0.07 0.05 0.03 0.07 0.04 0.00 0.06 0.04 35,475
10.0 0.09 0.06 0.02 0.02 0.01 0.02 0.01 0.01 0.07 0.02 7,868
10.0 0.07 0.04 0.02 0.03 0.01 0.01 0.01 0.00 0.06 0.01 4,158
10.3 0.07 0.04 0.02 0.02 0.01 0.02 0.01 0.01 0.01 0.01 19,806
4.3 0.16 0.07 0.05 0.02 0.01 0.05 0.01 0.02 0.03 0.02 3,918
3.7 0.20 0.07 0.06 0.03 0.01 0.03 0.02 0.02 0.05 0.03 16,120
2.7 0.14 0.07 0.04 0.03 0.01 0.04 0.03 0.02 0.03 0.03 880
8.7 0.06 0.20 0.03 0.06 0.01 0.01 0.02 0.00 0.03 0.01 2,544
17.1 0.09 0.54 0.02 0.05 0.02 0.05 0.02 0.00 0.04 0.00 5,875
64.1 0.15 1.64 0.07 0.04 0.03 0.09 0.07 0.00 0.32 0.05 27,172
2.3 0.08 0.08 0.03 0.02 0.01 0.03 0.01 0.00 0.05 0.02 17,129
5.7 0.34 0.18 0.12 0.10 0.01 0.06 0.05 0.00 0.08 0.00 22,863
12.0 0.24 0.29 0.08 0.11 0.02 0.06 0.06 0.00 0.11 0.03 14,602
3.1 0.13 0.07 0.06 0.05 0.02 0.06 0.03 0.02 0.04 0.02 42,859
5.9 0.26 0.20 0.08 0.17 0.02 0.05 0.06 0.00 0.05 0.03 6,487
9.4 0.12 0.29 0.04 0.12 0.04 1.63 0.03 0.00 0.02 0.01 14,674
7.1 0.11 0.07 0.03 0.02 0.01 0.02 0.01 0.00 0.02 0.01 632
9.7 0.06 0.09 0.02 0.02 0.01 0.02 0.01 0.00 0.03 0.01 2,557
13.2 0.26 0.21 0.05 0.12 0.02 0.03 0.05 0.00 0.07 0.01 5,441
7.2 0.29 0.17 0.10 0.07 0.02 0.09 0.04 0.00 0.18 0.03 21,960
9.5 0.39 0.24 0.15 0.09 0.01 0.08 0.04 0.00 0.07 0.04 28,258
8.8 0.20 0.10 0.08 0.06 0.02 0.08 0.02 0.00 0.06 0.03 22,178
3.8 0.10 0.08 0.04 0.20 0.16 0.00 0.35 0.00 0.06 0.06 11,998
5.9 0.12 0.11 0.03 0.22 0.13 0.00 0.32 0.00 0.05 0.06 6,026
7.4 0.09 0.07 0.02 0.10 0.00 0.03 0.15 0.00 0.05 0.00 32,390
6 0.52 0.16 0.19 0.2 0.01 0.07 0.02 0.04
9.8 0.77 0.33 0.28 0.32 0 0.12 0.04 0.04
11.9 0.89 0.38 0.27 0.24 0 0.11 0.06 0.03
4 0.31 0.13 0.23 0.31 0 0.18 0.36 0.18
3.7 0.11 0.05 0.06 0.06 0 0.02 0.05 0.01
5.7 0.13 0.06 0.08 0.07 0 0.02 0.02 0.02
36.3 0.04 0.26 0.09 0.05 0 0.02 0.02 0.01
38.4 0.3 0.31 0.14 0.16 0 0.05 0.03 0.07
46.8 0.6 0.43 0.22 0.23 0.02 0.05 0.03 0.04
4.4 0.35 0.12 0.2 0.16 0 0.05 0.01 0.02
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5.3 0.22 0.11 0.1 0.14 0 0.05 0.02 0.01
5.4 0.29 0.08 0.1 0.11 0.01 0.03 0.02 0.01
6.8 0.63 0.15 0.24 0.13 0 0.06 0.04 0.02
7.6 0.36 0.11 0.13 0.1 0 0.04 0.03 0.03
7.5 0.29 0.08 0.1 0.08 0 0.03 0.02 0.02
5.6 0.3 0.08 0.09 0.06 0 0.03 0.02 0.02
9.8 0.61 0.13 0.19 0.11 0.01 0.05 0.02 0.03
11 0.36 0.1 0.11 0.08 0 0.03 0.02 0.03
4.3 0.35 0.08 0.09 0.06 0.02 0.03 0.1 0.04
7.5 0.54 0.13 0.16 0.11 0 0.04 0.04 0.06
3 0.16 0.04 0.05 0.03 0.01 0.02 0.02 0.01
4.5 0.32 0.12 0.1 0.1 0 0.05 0.02 0.02
6.2 0.42 0.11 0.14 0.09 0 0.04 0.02 0.03
8.5 0.28 0.06 0.07 0.07 0.01 0.02 0.04 0.01
4.6 0.32 0.09 0.14 0.08 0 0.03 0.03 0.01
5.5 0.23 0.06 0.1 0.07 0 0.02 0.03 0.02
6.7 0.32 0.09 0.13 0.1 0 0.03 0.03 0.02
10.7 0.33 0.09 0.08 0.07 0 0.03 0.03 0.04
8.8 0.85 0.13 0.3 0.13 0 0.01 0.04 0.07
10 1.03 0.17 0.46 0.18 0.04 0.07 0.04 0.03
7.1 0.43 0.14 0.24 0.15 0.06 0.07 0.05 0.07
10.3 0.8 0.21 0.38 0.18 0.09 0.1 0.1 0.04
8.2 0.26 0.07 0.07 0.06 0.01 0.03 0.02 0.03
10.6 0.78 0.19 0.36 0.16 0.03 0.06 0.09 0.06
12.5 1.32 0.22 0.48 0.19 0.03 0.08 0.05 0.05
12.8 1.25 0.24 0.46 0.2 0.01 0.07 0.09 0.02
6.5 1.07 0.15 0.36 0.13 0.01 0.1 0.03 0.03
8.6 0.74 0.31 0.2 0.22 0.01 0.12 0.05 0.03
15.2 1.01 0.45 0.31 0.23 0.02 0.06 0.06 0.03
2.4 0.02 0.03 0.01 0.02 0 0.01 0.02 0.02
13.3 0.81 0.3 0.26 0.23 0 0.08 0.03 0.01
13.7 0.6 0.27 0.19 0.19 0 0.06 0.04 0.01
3.6 0.24 0.08 0.11 0.07 0 0.02 0.02 0.01
6.1 0.26 0.14 0.1 0.09 0 0.06 0.03 0.03
5.6 0.15 0.04 0.04 0.03 0 0.01 0.01 0.01
12.9 0.77 0.3 0.23 0.23 0.01 0.06 0.03 0.03
23.3 0.4 0.23 0.11 0.12 0.01 0.03 0.01 0.02
74.3 0.38 0.43 0.17 0.1 0.01 0.04 0.02 0.02
9.7 0.78 0.17 0.3 0.12 0.02 0.07 0.06 0.08
10 0.6 0.17 0.33 0.15 0.02 0.06 0.05 0.04
9.3 0.31 0.06 0.09 0.05 0.01 0.02 0.02 0.03
51.4 0.68 0.61 0.19 0.26 0.01 0.06 0.05 0.02
98 0.8 1.05 0.21 0.28 0.03 0.09 0.05 0.04
193.2 0.45 1.64 0.08 0.15 0.03 0.03 0.15 0.04
28.7 1.67 0.65 0.44 0.43 0.01 0.13 0.1 0.06
64.3 1.22 0.84 0.33 0.3 0.02 0.11 0.08 0.05
112.7 0.33 1.09 0.07 0.13 0.01 0.04 0.03 0.02
7.3 0.82 0.21 0.27 0.11 0.04 0.06 0.04 0.02
16.3 2.28 0.4 0.8 0.24 0.03 0.1 0.08 0.07
15.2 1.6 0.3 0.61 0.19 0.02 0.07 0.07 0.06
9.1 0.32 0.08 0.08 0.07 0.01 0.02 0.03 0.01
14 0.68 0.18 0.2 0.13 0.01 0.05 0.03 0.02
11.7 0.26 0.06 0.07 0.05 0 0.01 0.02 0.04
21.1 0.45 0.18 0.21 0.12 0.01 0.04 0.03 0.02
77.6 0.17 0.1 0.11 0.08 0 0.04 0.03 0.01
131.2 0.26 0.9 0.08 0.13 0.02 0.03 0.03 0.02
3.9 0.36 0.14 0.14 0.09 0.01 0.04 0.04 0.02
3.5 0.09 0.12 0.08 0.07 0.01 0.03 0.03 0.02
6.2 0.14 0.09 0.07 0.06 0.02 0.03 0.01 0.03
5 0.22 0.1 0.07 0.06 0 0.02 0.03 0.01
9.2 0.25 0.09 0.15 0.08 0 0.04 0.05 0.02
8.9 0.29 0.07 0.09 0.06 0 0.03 0.03 0.01
13 1.31 0.22 0.41 0.2 0.03 0.07 0.04 0.03
18.1 0.95 0.14 0.29 0.14 0.02 0.05 0.05 0.02
21.7 0.69 0.17 0.24 0.2 0.01 0.05 0.03 0.02
259,402.60 0.09 90.53 0.1 1.41 0.1 0.61 0.63 0.07
81,143.80 0.06 21.65 0.11 3.54 0.45 1.5 2.25 0.11
103,680.50 0.08 38.49 0.1 2.09 0.21 0.91 1.42 0.12
20.5 0.8 0.55 0.27 0.41 0.02 0.11 0.09 0.02
18.8 1.3 0.84 0.45 0.6 0.07 0.13 0.22 0.05
12.2 0.31 0.4 0.08 0.2 0.02 0.05 0.04 0.05
6.1 0.18 0.04 0.04 0.03 0 0.01 0.02 0.01
9.9 0.21 0.05 0.05 0.03 0.01 0.02 0.04 0.01
9.1 0.2 0.05 0.05 0.04 0.01 0.01 0.02 0.01
20.7 1.05 0.26 0.3 0.19 0.02 0.06 0.04 0.03
30 0.81 0.36 0.17 0.2 0.02 0.04 0.02 0.02
55.5 1.74 0.77 0.43 0.36 0.02 0.14 0.08 0.05
14 0.28 0.15 0.1 0.08 0 0.03 0.06 0.03
18.1 0.41 0.19 0.1 0.1 0 0.04 0.03 0.02
15.5 0.42 0.24 0.1 0.11 0 0.03 0.07 0.04
8.5 0.27 0.11 0.11 0.07 0 0.03 0.03 0.04
9.6 0.74 0.17 0.3 0.12 0 0.06 0.06 0.02
9.1 0.67 0.17 0.24 0.09 0 0.05 0.04 0.02
6.5 0.73 0.18 0.16 0.14 0.02 0.05 0.06 0.09
8.5 1.44 0.35 0.4 0.3 0 0.09 0.05 0.04
11.3 0.34 0.18 0.08 0.14 0.02 0.04 0.02 0.02
10.9 1.4 0.18 0.53 0.12 0 0.05 0.05 0.06
8.9 0.51 0.1 0.16 0.07 0.01 0.02 0.03 0.03
8.7 0.37 0.1 0.09 0.06 0.01 0.02 0.02 0.02
5.5 0.34 0.07 0.1 0.07 0.03 0.02 0.02 0.01
8.3 0.92 0.15 0.29 0.12 0.01 0.04 0.06 0.03
7.3 0.2 0.05 0.04 0.04 0.01 0.02 0.02 0.02
17.4 0.74 0.15 0.22 0.12 0.03 0.04 0.04 0.03
25.9 0.6 0.12 0.18 0.07 0.02 0.04 0.06 0.02
30 0.19 0.14 0.03 0.07 0.01 0.01 0.02 0.01
14.8 1.58 0.28 0.4 0.16 0.02 0.09 0.04 0.04
17.2 0.81 0.2 0.27 0.13 0.01 0.05 0.05 0.02
14.2 0.24 0.06 0.06 0.04 0.01 0.02 0.03 0.02
17.8 0.41 0.13 0.16 0.09 0 0.02 0.05 0.02
35.5 0.31 0.32 0.08 0.11 0 0.04 0.04 0.01
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46.6 0.31 0.49 0.07 0.12 0 0.03 0.02 0.04
12.9 0.93 0.27 0.28 0.16 0 0.1 0.04 0.05
15.4 0.53 0.25 0.15 0.14 0 0.06 0.05 0.02
29.1 0.8 0.44 0.24 0.18 0 0.09 0.05 0.01
3.7 0.38 0.12 0.12 0.09 0 0.03 0.03 0.01
6.5 0.74 0.17 0.26 0.1 0.02 0.06 0.04 0.06
5.5 0.29 0.07 0.09 0.04 0 0.02 0.02 0.01
6.5 1.44 0.21 0.37 0.17 0.02 0.09 0.07 0.05
7.6 0.63 0.12 0.18 0.11 0 0.04 0.04 0.03
7.6 0.49 0.1 0.15 0.08 0.03 0.03 0.03 0.03
2.5 0.23 0.1 0.08 0.05 0 0.03 0.03 0.01
5.1 0.52 0.13 0.2 0.08 0 0.04 0.07 0.04
5 0.38 0.12 0.11 0.06 0 0.04 0.03 0.02
51.7 0.76 0.52 0.23 0.25 0.03 0.11 0.06 0.04
72.9 0.56 0.73 0.17 0.19 0.01 0.07 0.03 0.03
85.6 0.94 0.9 0.3 0.28 0.01 0.1 0.07 0.24
23.5 1.73 0.34 0.56 0.22 0.03 0.13 0.04 0.05
35.3 1.84 0.38 0.45 0.28 0 0.2 0.1 0.06
38.2 0.78 0.35 0.23 0.23 0.01 0.14 0.05 0.05
6.2 0.75 0.16 0.26 0.1 0 0.05 0.04 0.01
6.3 0.4 0.12 0.14 0.08 0 0.03 0.02 0.01
9.4 0.49 0.11 0.16 0.08 0 0.04 0.04 0.02
36.4 0.48 0.32 0.11 0.15 0 0.04 0.03 0.02
36.1 0.6 0.33 0.2 0.13 0 0.07 0.04 0.03
100.5 0.34 0.79 0.12 0.12 0 0.04 0.04 0.01
5.5 0.69 0.13 0.17 0.11 0.02 0.04 0.03 0.03
6.4 0.34 0.09 0.09 0.07 0.01 0.03 0.02 0.01
8.7 0.53 0.13 0.17 0.08 0 0.04 0.05 0.04
25 0.63 0.37 0.16 0.22 0 0.07 0.04 0.04
115.3 0.45 0.89 0.1 0.16 0 0.06 0.07 0.04
467.4 0.15 3.13 0.05 0.24 0 0.02 0.14 0.01
18.7 0.76 0.18 0.28 0.12 0 0.05 0.04 0.02
15.3 0.21 0.09 0.07 0.05 0 0.03 0.04 0.01
65.4 0.3 0.44 0.11 0.15 0 0.03 0.04 0.01
4.9 0.58 0.17 0.22 0.08 0 0.05 0.04 0.01
6 0.29 0.11 0.08 0.06 0 0.03 0.06 0.03
5.8 0.33 0.1 0.13 0.06 0 0.03 0.05 0.01
4.5 0.68 0.16 0.32 0.17 0 0.05 0.06 0.03
5.9 0.54 0.12 0.16 0.09 0 0.05 0.05 0.02
10 0.32 0.09 0.11 0.07 0.01 0.03 0.04 0.01
32.8 0.78 0.4 0.2 0.22 0.03 0.06 0.06 0.05
54.6 1.01 0.64 0.3 0.22 0 0.09 0.05 0.04
80.1 0.77 0.8 0.26 0.17 0.03 0.05 0.07 0.04
4.3 0.52 0.15 0.15 0.11 0 0.04 0.02 0.02
8.3 0.6 0.16 0.2 0.1 0 0.03 0.07 0.04
8.8 0.44 0.12 0.16 0.08 0.02 0.04 0.05 0.06
19.6 0.4 0.2 0.14 0.11 0 0.05 0.07 0.04
24.3 0.22 0.19 0.12 0.11 0 0.03 0.02 0.02
43.8 0.45 0.52 0.17 0.21 0 0.08 0.07 0.02
43.2 0.79 0.46 0.21 0.19 0 0.09 0.06 0.02
54.6 0.75 0.52 0.23 0.21 0 0.07 0.08 0.02
71.4 0.18 0.54 0.05 0.09 0 0.04 0.02 0.01
7 0.31 0.09 0.09 0.07 0 0.03 0.03 0.01
10.8 0.35 0.11 0.12 0.08 0 0.03 0.04 0.01
12.2 0.17 0.05 0.08 0.04 0 0.02 0.06 0.01
8.3 0.65 0.18 0.28 0.12 0 0.04 0.08 0.03
9.9 0.36 0.12 0.1 0.07 0 0.03 0.03 0.03
12.9 0.29 0.1 0.08 0.07 0 0.03 0.03 0.01
6.2 1.3 0.22 0.4 0.14 0.01 0.06 0.06 0.06
6.4 0.45 0.1 0.16 0.08 0 0.04 0.04 0.03
7.8 0.36 0.07 0.1 0.05 0 0.03 0.04 0.03
12.3 1.92 0.26 0.57 0.21 0 0.17 0.11 0.08
15.4 0.82 0.13 0.31 0.11 0 0.07 0.06 0.05
15.1 0.84 0.14 0.29 0.11 0 0.06 0.04 0.04
19.1 0.69 0.17 0.19 0.1 0.02 0.05 0.05 0.04
42.3 1.29 0.55 0.38 0.32 0 0.11 0.08 0.09
49.5 0.34 0.37 0.08 0.11 0.01 0.03 0.02 0.02
5.9 0.29 0.13 0.13 0.07 0 0.03 0.05 0.02
7.2 0.2 0.07 0.09 0.04 0 0.03 0.05 0.01
14.3 0.38 0.15 0.11 0.09 0 0.05 0.04 0.03
3.7 0.21 0.07 0.06 0.05 0 0.02 0.04 0.02
5.4 0.22 0.08 0.05 0.04 0 0.02 0.01 0.01
7.7 0.51 0.15 0.19 0.07 0 0.04 0.04 0.02
29.2 0.63 0.35 0.19 0.16 0 0.05 0.03 0.03
55.9 0.31 0.63 0.11 0.13 0.01 0.04 0.16 0.02
91.7 0.32 0.86 0.08 0.11 0.02 0.06 0.05 0.05
8.6 0.81 0.16 0.3 0.12 0 0.06 0.06 0.06
9 0.28 0.12 0.11 0.07 0 0.04 0.03 0.02
12.1 0.32 0.11 0.11 0.07 0 0.02 0.05 0.02
67.7 0.39 0.58 0.15 0.18 0.02 0.05 0.04 0.04
58.2 0.27 0.5 0.1 0.16 0 0.04 0.03 0.03
71.4 0.16 0.63 0.04 0.12 0.01 0.05 0.03 0.03
7.1 0.68 0.19 0.24 0.1 0 0.07 0.06 0.03
10.6 0.83 0.2 0.32 0.13 0 0.08 0.04 0.03
21.2 0.58 0.34 0.19 0.15 0 0.06 0.05 0.04
7.3 0.63 0.17 0.2 0.12 0 0.04 0.04 0.03
9.3 0.88 0.16 0.28 0.1 0 0.05 0.03 0.03
11.3 0.61 0.13 0.19 0.09 0 0.04 0.04 0.02
25.8 1.15 0.45 0.3 0.28 0 0.12 0.1 0.05
37.5 0.24 0.3 0.07 0.11 0 0.04 0.07 0.02
52.1 0.21 0.38 0.06 0.09 0 0.04 0.03 0.02
40.6 0.22 0.4 0.08 0.13 0 0.03 0.02 0.04
59.4 0.32 0.55 0.11 0.14 0 0.04 0.02 0.03
119 0.12 1.01 0.08 0.07 0 0.03 0.02 0.01
10.9 0.4 0.11 0.15 0.08 0 0.04 0.03 0.02
17.4 0.79 0.19 0.28 0.12 0 0.08 0.08 0.03
28.1 1.16 0.57 0.36 0.32 0 0.14 0.1 0.06
5.8 0.62 0.12 0.2 0.09 0.01 0.04 0.02 0.02
7 0.22 0.06 0.04 0.04 0 0.05 0.03 0.02
10.3 0.68 0.17 0.19 0.11 0 0.05 0.05 0.04
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5.9 0.79 0.17 0.24 0.12 0.03 0.05 0.04 0.03
10.4 1.78 0.21 0.64 0.21 0.03 0.09 0.1 0.06
13.1 1.92 0.27 0.66 0.21 0 0.1 0.08 0.05
51 0.96 0.54 0.32 0.23 0 0.11 0.05 0.04
80.2 0.57 0.85 0.16 0.19 0 0.06 0.06 0.02
198.4 0.21 1.74 0.06 0.17 0 0.04 0.03 0.02
21.2 0.28 0.21 0.1 0.09 0 0.03 0.02 0.02
65.5 0.28 0.67 0.1 0.18 0 0.06 0.05 0.03
89.8 0.11 0.84 0.03 0.09 0 0.03 0.02 0.01
44.6 0.27 0.35 0.06 0.11 0 0.03 0.02 0.01
80.6 0.24 0.7 0.06 0.11 0 0.04 0.03 0.01
103.4 1.58 1.09 0.63 0.37 0 0.13 0.08 0.06
16.6 2.5 0.55 0.72 0.51 0 0.14 0.12 0.07
39.9 1.63 0.6 0.5 0.42 0.05 0.14 0.09 0.06
78.2 1.57 0.84 0.46 0.4 0.02 0.1 0.18 0.1
35.4 1.21 0.48 0.26 0.94 0.05 0.5 0.13 0.04
65.2 1.51 0.98 0.34 1.35 0.07 0.66 0.15 0.06
117.8 0.8 1.23 0.18 0.9 0.03 0.45 0.07 0.03
8.8 1.4 0.34 0.79 0.2 0.03 0.08 0.08 0.06
11.4 1.17 0.25 0.65 0.18 0 0.1 0.05 0.59
13.3 0.36 0.17 0.14 0.09 0 0.06 0.05 0.02
5.6 1.2 0.29 0.44 0.16 0 0.07 0.06 0.04
3.4 0.49 0.15 0.19 0.08 0 0.05 0.05 0.04
4 0.33 0.09 0.11 0.06 0 0.04 0.03 0.05
3.3 0.19 0.08 0.08 0.06 0 0.03 0.03 0.02
8.4 0.9 0.23 0.32 0.15 0.03 0.07 0.04 0.04
7 0.21 0.07 0.07 0.06 0 0.03 0.04 0.03
7.2 1.93 0.24 0.56 0.23 0.03 0.11 0.08 0.06
13.5 3.58 0.49 0.96 0.43 0 0.17 0.19 0.07
9.7 1.78 0.22 0.54 0.22 0.04 0.12 0.06 0.17
21.2 0.29 0.26 0.08 0.09 0 0.05 0.04 0.02
31 0.48 0.36 0.18 0.14 0 0.07 0.06 0.04
55.6 0.14 0.56 0.04 0.07 0 0.04 0.03 0.03
5.9 1 0.28 0.32 0.15 0 0.07 0.07 0.03
5.2 0.59 0.15 0.2 0.11 0 0.05 0.05 0.02
5.8 0.4 0.11 0.12 0.08 0 0.03 0.03 0.03
10 0.17 0.12 0.09 0.07 0 0.05 0.03 0.02
16.7 0.17 0.16 0.08 0.07 0 0.05 0.02 0.02
26.2 0.12 0.17 0.06 0.05 0 0.03 0.02 0.02
15.1 0.9 0.23 0.26 0.16 0 0.08 0.08 0.03
23.1 0.5 0.24 0.17 0.12 0 0.08 0.07 0.03
38.8 1.07 0.68 0.32 0.28 0 0.11 0.05 0.05
10.4 0.96 0.55 0.37 0.44 0 0.26 0.14 0.09
17.3 0.68 0.31 0.27 0.36 0 0.13 0.09 0.06
25.5 0.29 0.4 0.18 0.18 0 0.1 0.24 2.52
3.4 0.8 0.15 0.22 0.13 0 0.07 0.04 0.04
4 0.55 0.12 0.14 0.09 0.01 0.05 0.02 0.02
5.1 0.46 0.07 0.12 0.07 0.02 0.04 0.03 0.02
5.3 1.02 0.18 0.33 0.15 0 0.19 0.05 0.07
7 0.44 0.11 0.12 0.09 0 0.04 0.03 0.06
11.5 0.21 0.12 0.05 0.04 0.01 0.04 0.08 0.05
11.3 0.82 0.2 0.24 0.15 1.02 0.09 0.04 0.03
11.2 0.29 0.09 0.07 0.07 0.02 0.03 0.02 0.02
16.9 0.62 0.15 0.2 0.09 0 0.06 0.05 0.19
7.8 0.39 0.09 0.14 0.08 0 0.03 0.04 0.03
12.2 0.51 0.14 0.22 0.08 0 0.03 0.04 0.02
14 0.33 0.18 0.12 0.11 0 0.03 0.04 0.02
7.2 0.18 0.05 0.05 0.03 0 0.02 0.02 0.01
10.9 1.08 0.17 0.41 0.15 0 0.2 0.16 0.05
20.9 0.3 0.19 0.14 0.11 0 0.11 0.09 0.02
5.7 0.51 0.13 0.16 0.09 0.01 0.02 0.01 0.02
8.1 1.07 0.22 0.32 0.16 0 0.05 0.03 0.03
9.1 0.75 0.15 0.23 0.12 0.08 0.05 0.03 0.04
7.2 1.31 0.19 0.41 0.17 0.02 0.08 0.05 0.04
11.4 2.05 0.38 0.61 0.26 0 0.2 0.08 0.05
11.7 1.17 0.21 0.37 0.18 0.02 0.1 0.05 0.04
49.1 0.37 0.39 0.14 0.15 0 0.11 0.05 0.03
63.5 0.9 0.66 0.31 0.33 0.04 0.16 0.1 0.06
62.6 0.34 0.45 0.11 0.15 0 0.06 0.03 0.03
3.6 1.27 0.18 0.4 0.16 0 0.09 0.11 0.04
4.8 1.45 0.23 0.51 0.21 0 0.11 0.06 0.06
5.3 1.48 0.32 0.55 0.28 0 0.15 0.09 0.07
12 0.58 0.16 0.21 0.1 0.02 0.04 0.04 0.04
21.9 1 0.26 0.39 0.15 0 0.07 0.04 0.06
23.8 0.3 0.13 0.1 0.06 0 0.02 0.03 0.01
4.3 0.74 0.19 0.23 0.12 0 0.07 0.05 0.07
6.6 1.03 0.17 0.39 0.12 0 0.12 0.07 0.06
12.1 1.68 0.28 0.62 0.16 0 0.15 0.06 0.08
9.3 0.2 0.08 0.05 0.05 0 0.02 0.01 0.01
12.1 0.43 0.08 0.13 0.08 0.01 0.03 0.01 0.01
15.5 0.35 0.09 0.11 0.06 0.01 0.02 0.02 0.06
3.1 0.64 0.12 0.19 0.17 0 0.05 0.09 0.04
3.9 0.56 0.13 0.18 0.11 0 0.06 0.04 0.04
4.3 0.49 0.09 0.15 0.08 0 0.04 0.04 0.04
30.9 0.36 0.17 0.09 0.12 0 0.04 0.01 0.01
45.8 0.37 0.29 0.08 0.14 0 0.05 0.03 0.01
48.3 0.24 0.28 0.07 0.11 0 0.04 0.03 0.01
0.8 0.25 0.06 0.06 0.04 0 0.03 0.03 0.03
1 0.43 0.09 0.11 0.06 0 0.04 0.04 0.02
2.5 0.68 0.29 0.17 0.24 0 0.14 0.07 0.04
4.1 0.51 0.13 0.15 0.06 0 0.04 0.09 0.08
5.8 0.31 0.08 0.11 0.06 0 0.03 0.02 0.02
10.5 0.21 0.05 0.05 0.03 0 0.03 0.03 0.02
2.7 0.65 0.13 0.22 0.11 0 0.05 0.03 0.03
2.5 0.2 0.08 0.05 0.04 0 0.02 0.02 0.03
3.5 0.21 0.06 0.05 0.04 0 0.02 0.02 0.02
29.3 0.25 0.39 0.08 0.15 0 0.04 0.02 0.04
39.7 0.35 0.45 0.12 0.16 0 0.05 0.04 0.02
97.7 0.26 1.08 0.1 0.17 0 0.05 0.03 0.02
2.9 0.37 0.1 0.08 0.07 0 0.04 0.04 0.03
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6.2 0.48 0.1 0.13 0.08 0 0.05 0.04 0.03
2.8 0.2 0.05 0.06 0.03 0 0.02 0.03 0.03
5.5 0.96 0.16 0.24 0.14 0 0.07 0.06 0.04
5.2 0.43 0.1 0.09 0.06 0 0.04 0.03 0.03
7 0.52 0.11 0.14 0.09 0 0.04 0.05 0.03
9.2 1.08 0.39 0.45 0.27 0 0.67 0.18 0.04
19.8 1.16 0.61 0.36 0.44 0.03 0.29 0.19 0.08
24.9 0.65 0.41 0.22 0.21 0 0.14 0.14 0.05
9.6 0.97 0.33 0.36 0.26 0 0.18 0.1 0.09
10.1 0.35 0.25 0.12 0.21 0 0.11 0.05 0.06
15.1 0.92 0.43 0.29 0.3 0 0.22 0.06 0.05
7.5 0.67 0.15 0.21 0.11 0 0.07 0.03 0.04
13.4 1.53 0.32 0.53 0.32 0 0.16 0.16 0.07
19.5 0.72 0.41 0.28 0.31 0.03 0.16 0.07 0.06
1.6 0.6 0.15 0.21 0.09 0 0.05 0.06 0.03
1.6 0.52 0.12 0.15 0.08 0 0.05 0.03 0.02
1.9 0.53 0.13 0.18 0.1 0 0.06 0.03 0.04
2.9 0.55 0.16 0.17 0.1 0.02 0.08 0.04 0.04
3.8 0.4 0.19 0.13 0.16 0.02 0.13 0.05 0.08
7.5 1.25 0.42 0.46 0.39 0 0.38 0.12 0.07
2 0.27 0.08 0.07 0.05 0 0.02 0.02 0.03
5.2 0.65 0.17 0.17 0.1 0 0.06 0.05 0.04
5.7 0.3 0.09 0.07 0.06 0 0.04 0.04 0.02
3.8 0.57 0.13 0.19 0.09 0 0.06 0.04 0.06
4.9 0.39 0.09 0.1 0.06 0 0.04 0.04 0.02
6.8 0.43 0.11 0.09 0.08 0 0.03 0.04 0.03
9.2 0.39 0.16 0.14 0.08 0 0.05 0.04 0.09
11.6 0.29 0.14 0.1 0.06 0 0.04 0.03 0.09
24.1 0.58 0.3 0.2 0.13 0 0.08 0.05 0.14
19.5 0.19 0.16 0.06 0.05 0 0.03 0.02 0.05
13 0.15 0.08 0.04 0.04 0 0.03 0.01 0.05
17.4 0.15 0.12 0.05 0.05 0 0.04 0.03 0.11
14.2 0.26 0.11 0.11 0.05 0.01 0.03 0 0.08
25.5 0.33 0.25 0.12 0.08 0 0.03 0.02 0.04
25.5 0.43 0.35 0.16 0.11 0.02 0.06 0 0.07
4.8 0.12 0.06 0.04 0.04 0 0.03 0.01 0.07
6.5 0.14 0.06 0.05 0.03 0 0.03 0.02 0.05
11.6 0.42 0.22 0.16 0.08 0 0.04 0.05 0.08
3.2 0.19 0.09 0.08 0.04 0 0.03 0 0.05
2.6 0.13 0.07 0.04 0.03 0 0.03 0 0.07
4.4 0.21 0.16 0.08 0.06 0 0.04 0.03 0.09
8.4 0.24 0.14 0.09 0.06 0 0.05 0.02 0.06
4.3 0.14 0.07 0.06 0.04 0 0.03 0.02 0.04
7.4 0.23 0.12 0.07 0.06 0 0.04 0.02 0.06
6.4 0.08 0.05 0.02 0.03 0 0.02 0.02 0.04
8.1 0.23 0.14 0.08 0.06 0.01 0.03 0.02 0.04
8.7 0.12 0.13 0.04 0.07 0 0.04 0.03 0.06
6.9 0.08 0.04 0.03 0.02 0 0.01 0.01 0.03
11.6 0.17 0.08 0.06 0.04 0 0.02 0.02 0.04
17.3 0.1 0.1 0.04 0.05 0 0.03 0.04 0.06
6.4 0.11 0.07 0.04 0.05 0 0.02 0.01 0.05
12 0.21 0.13 0.07 0.09 0 0.03 0.02 0.05
11.8 0.11 0.11 0.04 0.08 0 0.05 0.01 0.1
4.9 0.17 0.08 0.05 0.05 0 0.03 0.01 0.04
4.1 0.2 0.09 0.07 0.05 0 0.02 0.02 0.04
4.3 0.17 0.09 0.07 0.04 0 0.03 0.01 0.03
8.9 0.5 0.24 0.2 0.11 0 0.05 0.04 0.08
6.1 0.13 0.05 0.04 0.04 0 0.02 0.02 0.04
17.4 0.27 0.15 0.09 0.07 0 0.03 0.02 0.04
5 0.19 0.08 0.08 0.05 0 0.03 0.03 0.04
5.1 0.1 0.05 0.03 0.03 0 0.01 0 0.03
11 0.27 0.13 0.09 0.06 0 0.04 0.02 0.05
36.7 0.33 0.17 0.11 0.08 0 0.02 0.03 0.04
3.7 0.31 0.13 0.11 0.06 0 0.04 0.03 0.06
3.1 0.18 0.08 0.06 0.04 0 0.02 0.02 0.04
8 0.31 0.17 0.12 0.06 0 0.02 0.03 0.05
8.7 0.4 0.19 0.15 0.08 0 0.03 0.03 0.04
9.4 0.25 0.12 0.08 0.06 0.01 0.03 0.03 0.06
18.1 1.12 0.42 0.42 0.16 0 0.06 0.06 0.06
23.2 1.15 0.59 0.4 0.28 0.01 0.08 0.06 0.08
36.8 1.38 0.97 0.58 0.3 0 0.08 0.06 0.08
4.3 0.43 0.21 0.16 0.07 0 0.03 0.03 0.06
3.7 0.27 0.15 0.11 0.06 0.01 0.03 0.03 0.06
236.9 0.87 0.59 0.49 0.15 0 0.06 0.13 0.05
19.4 0.76 0.39 0.28 0.13 0 0.05 0.03 0.07
26.3 0.46 0.24 0.16 0.09 0.01 0.04 0.03 0.07
29.2 0.43 0.25 0.17 0.09 0 0.03 0.02 0.04
5.7 0.3 0.12 0.15 0.05 0 0.02 0.02 0.03
7.1 0.31 0.12 0.11 0.07 0 0.02 0.05 0.07
16 1.33 0.68 0.5 0.24 0 0.09 0.04 0.05
11.2 0.13 0.12 0.04 0.08 0 0.02 0.04 0.06
15.1 0.29 0.23 0.11 0.13 0 0.03 0.03 0.06
35.9 0.18 0.25 0.07 0.09 0 0.03 0.04 0.06
39.7 1.49 0.84 0.53 0.57 0.26 0.38 0.17 0.31
27.5 0.65 0.37 0.26 0.2 0.07 0.09 0.09 0.14
29.4 0.69 0.62 0.28 0.29 0 0.05 0.09 0.19
23.9 0.11 0.08 0.03 0.03 0 0.01 0.01 0.02
31.8 0.25 0.17 0.08 0.06 0 0.03 0.01 0.03
40.5 0.21 0.26 0.08 0.07 0.01 0.03 0.02 0.05
21.6 0.74 0.35 0.29 0.48 0.09 0.19 0.15 0.18
19.1 0.74 0.43 0.27 0.23 0.08 0.11 0.11 0.13
11.4 0.51 0.25 0.17 0.14 0 0.06 0.06 0.1
113.1 1.14 0.56 0.44 0.27 0.05 0.12 0.11 0.16
16.6 0.87 0.48 0.33 0.22 0 0.05 0.06 0.09
21.6 0.71 0.37 0.3 0.21 0.02 0.06 0.04 0.05
17.4 0.56 0.28 0.21 0.15 0 0.05 0.05 0.07
26.6 0.86 0.46 0.3 0.21 0.05 0.09 0.08 0.13
30.3 0.72 0.56 0.33 0.28 0.05 0.12 0.11 0.11
15 0.27 0.2 0.1 0.1 0 0.03 0.04 0.05
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14.2 0.15 0.12 0.04 0.07 0.02 0.03 0.01 0.04
15.1 0.15 0.13 0.05 0.05 0 0.02 0.02 0.04
15.1 0.27 0.27 0.08 0.12 0.02 0.03 0.05 0.12
11.6 0.16 0.15 0.03 0.08 0 0.02 0.03 0.06
14.4 0.17 0.18 0.02 0.05 0 0.02 0.01 0.05
3.9 0.1 0.06 0.04 0.05 0 0.01 0.02 0.06
5.5 0.13 0.1 0.04 0.07 0 0.02 0.02 0.07
8.5 0.21 0.1 0.08 0.06 0.02 0.03 0.01 0.04
8.8 0.2 0.11 0.07 0.05 0 0.01 0.05 0.04
7.9 0.18 0.08 0.05 0.06 0 0.02 0.01 0.08
31.3 0.22 0.09 0.04 0.07 0 0.03 0 0.05
4,767.10 1.17 2.65 0.34 4.11 1.48 2.46 1.09 0.39
2,141.10 3 1.83 0.74 2.84 0.98 2.39 0.68 0.37
4,800.00 3.44 2.63 0.94 5.39 1.68 3.58 1.34 0.37
7.3 0.24 0.1 0.09 0.06 0 0.02 0 0.03
14.5 0.23 0.15 0.06 0.08 0 0.03 0.02 0.05
6.2 0.1 0.08 0.03 0.06 0 0.01 0.01 0.03
10.9 0.41 0.2 0.15 0.1 0 0.03 0.02 0
10.4 0.32 0.2 0.13 0.09 0 0.02 0.02 0.06
10.9 0.2 0.18 0.07 0.12 0 0.02 0.02 0.04
37.8 0.18 2.39 0.08 0.86 0.17 0.21 0.16 0.16
42.8 0.39 1.1 0.15 0.35 0.09 0.09 0.08 0.23
34.6 0.13 0.62 0.05 0.19 0.01 0.06 0.05 0.11
16.9 0.69 0.41 0.25 0.2 0 0.08 0.06 0.16
17.8 0.71 0.59 0.31 0.28 0 0.1 0.12 0.16
16.2 0.41 0.34 0.2 0.17 0 0 0.06 0.07
8.8 0.38 0.27 0.17 0.1 0 0.04 0.04 0.07
12.7 0.35 0.17 0.12 0.08 0 0.04 0.03 0.08
20.5 0.35 0.27 0.13 0.06 0 0.05 0.02 0.05
11.6 0.17 0.16 0.06 0.06 0.01 0.08 0.04 0.06
13.4 0.16 0.19 0.07 0.08 0 0.05 0.04 0.1
32.5 0.52 0.49 0.2 0.2 0.02 0.07 0.02 0.04
18.2 0.49 0.4 0.18 0.14 0 0 0.02 0.09
15.6 0.68 0.37 0.23 0.24 0 0.1 0 0.07
18.6 0.49 0.33 0.18 0.16 0 0.07 0 0.06
15.9 0.21 0.26 0.07 0.06 0.02 0.03 0.06 0.1
18.9 0.37 0.31 0.04 0.09 0.01 0.06 0.01 0.04
37.8 0.12 0.62 0.05 0.06 0 0 0 0.12
13.6 0.97 0.56 0.36 0.2 0 0.09 0.05 0.07
15.5 0.93 0.42 0.3 0.16 0 0.05 0 0.07
13.5 0.66 0.31 0.22 0.12 0 0.02 0 0
13.5 0.79 0.44 0.35 0.2 0 0 0 0
20.5 1.15 0.83 0.46 0.29 0 0.05 0 0
16.1 0.63 0.44 0.25 0.19 0 0 0 0
27.9 0.66 0.36 0.2 0.13 0 0.08 0 0.04
48.9 0.9 0.59 0.36 0.26 0 0.06 0 0.08
34.6 1.15 0.75 0.49 0.4 0 0.08 0 0.08
15.4 0.94 0.53 0.36 0.26 0 0.07 0.03 0.07
25.7 0.82 0.55 0.33 0.29 0 0.09 0.06 0.09
16.2 0.78 0.53 0.31 0.37 0 0.08 0 0.09
7.1 0.36 0.26 0.17 0.15 0 0.04 0.02 0.05
17.1 0.7 0.47 0.28 0.3 0.03 0.08 0.05 0.09
22.4 0.46 0.5 0.26 0.29 0.02 0.07 0 0.05
108.2 1.08 0.5 0.41 0.25 0 0.16 0.16 0.17
19.3 0.9 0.6 0.4 0.26 0 0.06 0.14 0.16
17.6 0.88 0.44 0.34 0.28 0 0.09 0.05 0.09
21 1.78 0.8 0.62 0.36 0 0.12 0.06 0.07
97.1 1.68 0.78 0.63 0.4 0.02 0.17 0.13 0.1
23.3 1.92 1 0.77 0.41 0 0.14 0.13 0.11
15.8 1.22 0.6 0.43 0.17 0 0.09 0.08 0.08
20.3 1.6 1.13 0.71 0.44 0 0.16 0.12 0.11
111.7 1.71 0.74 0.64 0.37 0 0.21 0.13 0.11
12 0.39 0.22 0.14 0.1 0.03 0 0.02 0.06
15.6 0.99 0.55 0.34 0.21 0 0.08 0.05 0.06
19 1.08 0.66 0.38 0.28 0 0.15 0.11 0.14
13.2 0.23 0.11 0.08 0.08 0 0 0.07 0.14
14.8 0.22 0.24 0.07 0.08 0 0.02 0.02 0.03
12.7 0.13 0.18 0.05 0.08 0 0 0.01 0.07
27.6 0.12 0.42 0.04 0.08 0 0.04 0.04 0.04
24.2 0.64 0.74 0.34 0.26 0 0.1 0.09 0.06
40.7 0.12 0.57 0.03 0.08 0 0 0.03 0.05
5.7 0.21 0.13 0.08 0.06 0 0.05 0.01 0.04
6.1 0.26 0.14 0.1 0.07 0 0.04 0.03 0.04
5 0.35 0.07 0.07 0.06 0 0.03 0.02 0.04
12.3 0.77 0.41 0.29 0.2 0 0 0.09 0.16
9.9 0.64 0.75 0.26 0.15 0 0.01 0 0.21
20.4 0.8 0.66 0.34 0.26 0 0.09 0.06 0.08
8.3 0.2 0.12 0.08 0.07 0 0.03 0.01 0.03
7.9 0.12 0.13 0.05 0.08 0 0.02 0.02 0.07
12 0.22 0.24 0.09 0.1 0 0.05 0.05 0.06
6.6 0.24 0.11 0.1 0.06 0 0.02 0.02 0.08
10.7 0.1 0.09 0.04 0.08 0 0.02 0.06 0.05
7.5 0.12 0.13 0.05 0.06 0.01 0.02 0.01 0.03
6.7 0.27 0.17 0.09 0.09 0 0 0.04 0.04
6.3 0.1 0.06 0.03 0.05 0 0.03 0 0.05
6.9 0.18 0.09 0.09 0.07 0 0.03 0.02 0.06
21.3 0.09 0.29 0.07 0.08 0 0.02 0.01 0.03
33.3 0.21 0.48 0.13 0.11 0 0 0.02 0.08
30.8 0.09 0.46 0.05 0.09 0 0.02 0.03 0.05
6.6 0.1 0.14 0.02 0.06 0 0 0.03 0.09
10.9 0.88 0.68 0.46 0.31 0 0.08 0.09 0.14
17.9 0.41 0.38 0.2 0.23 0 0.04 0.01 0.09
8 0.2 0.14 0.1 0.07 0.04 0.05 0.03 0.05
4.7 0.22 0.14 0.08 0.07 0 0.02 0.02 0.02
6.1 0.42 0.18 0.14 0.08 0 0.03 0 0.05
10.3 0.19 0.16 0.1 0.1 0 0.03 0.02 0.05
9.2 0.12 0.15 0.05 0.05 0 0.05 0 0.06
10.5 0.09 0.16 0.05 0.06 0 0.03 0.02 0.03
4.5 0.22 0.14 0.06 0.06 0 0.05 0.02 0.04
6 0.34 0.19 0.11 0.09 0 0.05 0.04 0.05
5.7 0.47 0.23 0.15 0.1 0.04 0.03 0.04 0.11
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3.4 0.2 0.2 0.13 0.11 0 0.03 0.06 0.07
2.3 0.16 0.18 0.11 0.07 0 0.03 0.03 0.07
2.7 0.2 0.24 0.1 0.09 0.49 0.03 0.04 0.12
3.1 0.09 0.11 0.05 0.08 0 0.01 0.02 0.02
5 0.07 0.13 0.03 0.06 0 0.04 0.04 0.09
5.6 0.1 0.25 0.05 0.15 0 0.03 0.03 0.08
7.5 0.58 0.43 0.27 0.18 0 0.03 0.06 0.09
18.9 0.49 0.39 0.27 0.23 0 0 0.1 0.17
6.9 0.14 0.23 0.1 0.12 0 0 0.04 0.1
10.3 0.49 0.28 0.19 0.16 0 0.03 0 0.04
13.8 0.7 0.46 0.25 0.21 0.02 0.04 0.06 0.08
13.8 0.59 0.44 0.19 0.22 0.01 0.04 0.03 0.05
7.9 0.54 0.46 0.27 0.21 0 0.06 0.04 0.07
217.5 1.48 1.25 0.54 0.55 0.04 0.15 0 0.13
13.7 0.59 0.75 0.23 0.39 0.05 0.08 0 0.08
9.5 0.71 0.43 0.28 0.18 0 0 0.06 0.1
16.5 0.97 0.56 0.49 0.31 0 0.09 0.1 0.07
54 1.53 0.71 0.56 0.36 0.06 0.16 0 0.13
33.2 0.61 0.63 0.28 0.28 0 0.08 0.03 0.05
51.5 0.49 1.03 0.23 0.23 0 0.05 0.03 0.06
87.2 0.62 1.46 0.31 0.25 0.03 0.06 0.06 0.07
9.3 0.3 0.17 0.1 0.08 0 0.04 0.08 0.19
5.6 0.22 0.1 0.08 0.06 0.01 0.02 0.02 0.03
9.1 0.36 0.21 0.11 0.09 0.01 0.03 0.02 0.06
9.4 0.36 0.37 0.17 0.24 0 0.06 0.03 0.07
18.2 0.51 0.65 0.2 0.24 0.01 0.07 0.04 0.05
12.7 0.16 0.45 0.07 0.15 0 0.04 0.04 0.04
5.1 0.25 0.12 0.1 0.07 0 0.04 0.03 0.05
4.9 0.13 0.08 0.05 0.04 0 0 0.01 0.02
8.2 0.15 0.08 0.05 0.06 0 0 0 0.04
48.9 1.25 0.72 0.56 0.3 0 0.1 0.1 0.1
41.1 0.83 0.43 0.37 0.24 0 0.08 0.05 0.07
20.9 0.4 0.17 0.16 0.12 0 0 0 0.18
22.2 1.75 0.98 0.7 0.36 0 0.15 0 0.16
20 1.76 0.91 0.8 0.41 0 0.13 0.11 0.12
26.1 1.92 1.11 0.88 0.52 0 0.14 0.13 0.11
7.7 0.32 0.2 0.13 0.1 0 0 0.02 0.03
14 0.95 0.41 0.45 0.26 0 0.08 0.07 0.04
9.6 0.48 0.26 0.21 0.15 0 0.05 0.06 0.08
5.4 0.26 0.14 0.12 0.09 0 0.02 0.04 0.04
6.8 0.18 0.06 0.07 0.05 0 0.03 0 0.03
7.9 0.2 0.07 0.08 0.08 0 0 0.04 0.05
29.4 1.14 0.77 0.34 0.3 0.02 0.11 0.02 0.08
18.1 0.97 0.79 0.42 0.35 0 0.09 0.13 0.11
48.4 1.44 1.01 0.57 0.52 0 0.23 0.3 0.39
33.3 1.08 0.5 0.35 0.21 0 0 0 0.02
24.5 1.12 0.71 0.55 0.36 0 0 0.11 0.12
17.4 0.36 0.2 0.17 0.13 0 0.04 0.02 0.04
5.3 0.24 0.18 0.08 0.03 0 0.02 0 0.01
5.6 0.2 0.1 0.08 0.09 0 0.02 0.01 0.02
6.6 0.16 0.07 0.05 0.06 0 0 0 0.09
10.5 0.2 0.16 0.07 0.1 0 0.02 0.02 0.04
12.7 0.14 0.15 0.06 0.06 0 0.02 0.03 0.07
15.9 0.18 0.26 0.08 0.11 0 0.03 0 0.06
6.1 0.24 0.12 0.06 0.06 0 0.03 0.04 0.04
9.1 0.27 0.14 0.05 0.06 0 0.06 0.03 0.04
9.9 0.18 0.1 0.07 0.06 0 0 0 0.02
3.8 0.27 0.08 0.08 0.05 0 0.03 0.02 0.04
6.5 0.42 0.26 0.16 0.14 0 0.05 0.03 0.07
26.7 1.08 0.57 0.39 0.24 0 0.09 0.06 0.17
84.7 2.19 1.67 0.92 0.56 0 0.19 0.03 0.1
14.9 0.88 0.52 0.43 0.19 0 0.13 0.08 0.11
15.5 1.09 0.55 0.47 0.26 0 0.11 0.05 0.08
10.5 0.76 0.36 0.29 0.17 0 0.06 0.05 0.06
20.6 0.79 0.45 0.29 0.24 0 0.18 0.04 0.05
11.4 0.95 0.59 0.43 0.24 0 0.07 0.08 0.11
10.1 0.29 0.17 0.09 0.06 0 0.04 0.02 0.05
8.5 0.28 0.1 0.08 0.06 0 0 0.02 0.09
10.1 0.15 0.07 0.05 0.03 0 0.02 0.03 0.03
19.2 0.82 0.43 0.31 0.18 0 0.05 0.06 0.07
22 0.95 0.54 0.35 0.24 0 0.08 0.05 0
20.6 0.76 0.33 0.24 0.15 0 0 0.03 0.05
8 0.18 0.19 0.08 0.12 0 0.05 0.04 0.07
12.7 0.2 0.28 0.09 0.15 0 0.04 0.03 0.12
15.2 0.17 0.29 0.09 0.11 0 0.01 0 0.05
8.2 0.2 0.1 0.04 0.05 0 0.04 0 0
6.3 0.16 0.11 0.07 0.08 0 0 0 0.05
7.9 0.2 0.12 0.07 0.07 0 0 0.01 0.16
7.5 0.39 0.23 0.18 0.12 0.01 0.04 0.05 0.05
3.9 0.32 0.2 0.19 0.08 0 0.03 0.04 0.08
8.9 0.47 0.37 0.33 0.23 0 0.04 0.07 0.18
22.4 0.3 0.33 0.14 0.12 0 0.03 0.05 0.11
28.7 0.64 0.53 0.27 0.24 0 0 0.06 0.12
40.1 0.69 0.83 0.34 0.35 0.02 0.07 0.06 0.11
9.7 0.64 0.36 0.32 0.23 0 0.07 0.09 0.09
12.1 0.92 0.68 0.46 0.42 0 0.11 0.09 0.19
127.5 0.88 0.77 0.37 0.38 0 0.09 0.1 0.1
15.5 1.16 0.76 0.52 0.29 0 0.09 0.08 0.16
15.4 0.72 0.35 0.3 0.19 0 0.04 0.06 0.03
13.4 0.67 0.38 0.32 0.23 0.02 0.08 0.07 0.1
4.5 0.2 0.11 0.07 0.06 0 0 0.02 0.05
6 0.22 0.14 0.08 0.06 0 0 0.01 0.04
6.7 0.24 0.17 0.1 0.12 0 0.05 0 0.06
5.3 0.12 0.11 0.05 0.07 0 0 0.01 0.07
6.9 0.19 0.14 0.08 0.09 0 0.03 0.01 0.17
9.4 0.19 0.25 0.1 0.11 0 0 0.03 0.07
126.6 1.63 0.73 0.66 0.23 0 0.25 0.1 0.12
19.1 1.99 0.97 0.76 0.36 0.04 0.17 0.13 0.16
90.4 1.8 0.87 0.7 0.38 0.04 0.14 0.12 0.09
12.6 1.36 0.66 0.53 0.26 0 0.08 0.13 0.09
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9.2 0.67 0.4 0.31 0.23 0 0.07 0 0.11
23.4 1.14 0.74 0.47 0.33 0 0.11 0.07 0.09
3.8 0.16 0.1 0.1 0.04 0 0 0.02 0.07
5.6 0.26 0.13 0.08 0.08 0 0 0.03 0.06
5.9 0.19 0.1 0.07 0.06 0 0 0.03 0.06
10.2 0.74 0.45 0.33 0.19 0 0.07 0.05 0.07
11.4 0.5 0.24 0.23 0.1 0 0.08 0.04 0.07
6.6 0.38 0.15 0.14 0.08 0 0.04 0.05 0
9.3 0.6 0.36 0.25 0.18 0 0.06 0.05 0.08
9.5 0.43 0.21 0.14 0.1 0 0.03 0.04 0.05
8.9 0.46 0.21 0.2 0.1 0 0.03 0.04 0.05
25.7 0.49 0.26 0.16 0.13 0 0.05 0.03 0.04
23.7 0.23 0.23 0.07 0.09 0 0.04 0.02 0.03
23.3 0.14 0.21 0.04 0.06 0 0.03 0.02 0.04
2.6 0.1 0.08 0.04 0.07 0 0.04 0.02 0.05
3.2 0.11 0.11 0.03 0.05 0 0.02 0.03 0.04
4.3 0.12 0.09 0.05 0.06 0 0.15 0.04 0.04
12.3 0.92 0.44 0.38 0.19 0 0 0.03 0.03
7.9 1.01 0.43 0.43 0.17 0 0.09 0.14 0.09
8.5 0.62 0.29 0.31 0.15 0 0.11 0.03 0.07
109.4 0.21 0.26 0.06 0.09 0.17 0.03 0.04 0.06
24.3 0.1 0.16 0.04 0.07 0.09 0.03 0.05 0.05
21.2 0.11 0.36 0.06 0.08 0.02 0.03 0.02 0.04
10.1 0.14 0.07 0.04 0.04 0 0.02 0.01 0.03
7.6 0.1 0.08 0.03 0.04 0 0.01 0.03 0.01
8.2 0.11 0.11 0.04 0.07 0 0.02 0.03 0.04
9.6 0.13 0.06 0.04 0.04 0 0.01 0.03 0
32.9 0.27 0.13 0.09 0.07 0.03 0.03 0.03 0.03
46.5 0.12 0.61 0.04 0.06 0 0.02 0.01 0.03
75.7 0.62 0.4 0.28 0.2 0 0.06 0.07 0.1
14 0.38 0.26 0.16 0.16 0 0.05 0.02 0.06
6.1 0.42 0.29 0.19 0.18 0 0.04 0.03 0.04
105.1 0.62 0.85 0.25 0.29 0.05 0.08 0.08 0.07
319.8 0.46 2.63 0.17 0.2 0.03 0.04 0.04 0.05
44,585.90 0.34 23.26 0.15 1.62 0.37 0.52 0.13 0.05
83,708.50 0.27 86.71 0.11 2.03 0.24 0.3 0.03 0.09
165,563.70 0.24 104.39 0.15 2.62 2.12 0.6 0.25 0.18
72,220.90 1.09 46.56 0.42 1.78 0.63 0.3 0 0
382.2 0.5 0.57 0.13 0.14 0 0.08 0 0
41 0.2 0.22 0.05 0.1 0 0.04 0 0
64.7 0.4 0.43 0.14 0.15 0 0.06 0 0
41.2 0.06 0.2 0.03 0.07 0 0.01 0 0.04
178 0.12 1.19 0.06 0.08 0 0.04 0 0.05
421.5 0.11 13.69 0.02 0.64 0 0.05 0.01 0.05
16.8 0.14 0.18 0.09 0.08 0 0.01 0 0.07
13.5 0.32 0.24 0.13 0.11 0 0.08 0 0.06
17.3 0.14 0.25 0.07 0.1 0 0.03 0.04 0.05
21.2 0.62 0.23 0.25 0.1 0 0.04 0.05 0.06
7.6 0.14 0.09 0.05 0.07 0 0.02 0 0.04
16 0.08 0.16 0.06 0.07 0 0.01 0 0.14
21.7 0.48 0.25 0.12 0.13 0 0.1 0 0.13
24.1 0.51 0.31 0.14 0.12 0 0.1 0.03 0.12
30.4 0.92 0.44 0.36 0.31 1.01 0.15 0.06 0.28
16.1 0.86 0.43 0.31 0.23 0 0.11 0.04 0.17
14.3 0.54 0.29 0.19 0.17 0 0.09 0.04 0.14
21.1 0.7 0.48 0.24 0.26 0 0.12 0.08 0.16
18.3 2.13 1.11 0.68 0.42 0.03 0.15 0.1 0.15
19.3 2.02 0.79 0.65 0.33 0 0.13 0.09 0.17
7.2 0.15 0.05 0.04 0.04 0 0.02 0.04 0.02
5.9 0.7 0.27 0.23 0.15 0.04 0.12 0.05 0.18
4 0.26 0.1 0.09 0.07 0 0.04 0.03 0.06
17.9 2.23 1.22 0.93 0.58 0 0.27 0.25 0.65
8.3 0.48 0.24 0.14 0.19 0 0.08 0.03 0.11
8.8 0.29 0.17 0.1 0.12 0.02 0.04 0.02 0.08
16 0.24 0.23 0.09 0.15 0 0.05 0.04 0.1
46 5.88 2.36 2.22 0.99 0 0.34 0.25 0.39
14.2 0.9 0.33 0.31 0.15 0 0.05 0.05 0.08
13.4 0.39 0.12 0.13 0.07 0 0.02 0.02 0.04
3.7 0.51 0.22 0.19 0.15 0 0.07 0.03 0.08
2.6 0.33 0.15 0.13 0.1 0 0.04 0.03 0.06
7.6 0.79 0.4 0.3 0.2 0 0.09 0.07 0.1
4.6 0.38 0.16 0.15 0.09 0 0.05 0.04 0.1
10.3 0.97 0.55 0.37 0.19 0 0.1 0.05 0.1
8.2 0.76 0.29 0.24 0.16 0 0.08 0.04 0.12
7.5 0.86 0.33 0.27 0.17 0 0.08 0.04 0.08
14.4 1.38 0.64 0.59 0.29 0 0.1 0.01 0.11
15.4 0.96 0.4 0.36 0.21 0 0.12 0.08 0.15
19 1.01 0.68 0.34 0.55 0 0.39 0.06 0.44
17.3 0.47 0.23 0.14 0.12 0 0.08 0.02 0.09
33.9 1.28 0.56 0.5 0.32 0 0.18 0.07 0.2
35.1 1.56 0.79 0.57 0.28 0 0.12 0 0.11
23.2 0.47 0.2 0.18 0.18 0 0.05 0.04 0.09
23.6 0.6 0.19 0.18 0.16 0.03 0.06 0.05 0.13
6 0.26 0.12 0.08 0.08 0 0.03 0.02 0.06
11.3 0.63 0.26 0.22 0.16 0.02 0.07 0.05 0.1
9 0.2 0.08 0.05 0.05 0 0.03 0.07 0.07
7.3 0.45 0.14 0.13 0.11 0 0.05 0.03 0.07
9.9 0.47 0.16 0.16 0.11 0 0.07 0.02 0.06
10 0.51 0.2 0.19 0.11 0.01 0.05 0.04 0.07
3 0.49 0.24 0.22 0.17 0.04 0.1 0.07 0.12
5.9 1.01 0.53 0.4 0.28 0.07 0.15 0.04 0.16
3.6 0.42 0.28 0.2 0.2 0 0.08 0.33 0.13
12.9 0.91 0.41 0.43 0.21 0.04 0.09 0.1 0.11
11.3 0.65 0.24 0.21 0.13 0 0.05 0.04 0.07
18.9 1.36 0.56 0.59 0.29 0 0.11 0.05 0.15
3.8 0.14 0.05 0.04 0.04 0 0.02 0 0.03
4.5 0.27 0.08 0.1 0.07 0 0.02 0.01 0.02
6.9 0.37 0.09 0.1 0.09 0 0.04 0.03 0.05
964.9 0.32 0.72 0.13 0.59 0.07 0.11 0.05 0.1
47,934.10 0.25 1.25 0.1 0.75 0.12 0.15 0.18 0.11
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66,095.90 0.31 1.45 0.14 0.88 0.13 0.18 0.2 0.04
913.7 0.55 0.62 0.21 0.12 0.02 0.04 0.02 0.07
107 0.58 0.27 0.21 0.12 0.05 0.04 0.08 0.06
38.4 0.73 0.35 0.29 0.22 0 0.07 0.05 0.08
5.2 0.09 0.04 0.03 0.03 0.01 0.01 0.24 0.01
5.4 0.09 0.04 0.03 0.03 0 0.03 0.02 0.02
14 0.5 0.18 0.2 0.11 0 0 0.11 0.09
15.5 0.92 0.34 0.33 0.15 0.02 0.07 0.03 0.05
18 1.39 0.62 0.7 0.44 0 0.12 0.13 0.16
22.4 1.14 0.54 0.49 0.28 0 0.16 0.06 0.13
10.4 0.19 0.08 0.15 0.05 0 0.02 0.02 0.05
18.3 0.31 0.13 0.11 0.1 0.03 0.04 0.04 0.05
426 0.12 0.16 0.04 0.16 0.03 0.06 0.05 0.05
27 1.26 0.7 0.55 0.26 0 0.12 0 0.12
16 1.12 0.54 0.5 0.25 0 0.1 0.06 0.07
18.4 1.02 0.37 0.44 0.24 0 0.12 0.13 0.1
6.1 0.45 0.19 0.17 0.13 0 0.05 0.03 0.08
7.3 0.61 0.25 0.2 0.12 0 0 0 0
5.8 0.69 0.23 0.22 0.15 0.03 0.07 0 0.1
18.5 1.07 0.36 0.29 0.16 0 0.14 0.09 0.1
9.5 0.28 0.11 0.1 0.07 0 0.03 0 0.06
23 2.28 0.97 0.9 0.43 0 0.22 0 0.08
7.8 0.48 0.18 0.17 0.54 0.03 0.06 0.09 0.09
15.3 1.4 0.66 0.51 0.27 0.07 0.12 0.05 0.09
10.3 1.07 0.6 0.34 0.23 0 0.15 0.09 0
9.5 0.32 0.12 0.08 0.08 0.01 0.04 0.04 0
9.6 0.18 0.08 0.06 0.07 0.01 0.03 0.01 0.02
16.9 0.36 0.15 0.14 0.08 0 0.04 0 0.05
6.8 0.64 0.27 0.23 0.15 0.03 0.03 0.04 0.07
7.7 0.64 0.25 0.26 0.17 0.04 0.08 0.03 0.05
5.1 0.64 0.23 0.16 0.16 0.03 0.07 0.03 0.16
8.3 0.53 0.52 0.24 0.35 0 0.12 0.06 0.13
9.6 0.33 0.3 0.14 0.2 0 0.07 0.07 0.06
14.5 0.29 0.37 0.16 0.18 0 0.07 0.05 0.2
15 0.96 0.51 0.41 0.19 0 0.07 0.11 0.09
11.9 0.52 0.2 0.21 0.14 0 0.03 0.03 0.05
16.6 0.82 0.35 0.31 0.15 0 0.08 0.05 0.1
6.5 0.64 0.16 0.2 0.14 0.05 0.08 0.03 0.07
4.4 0.35 0.14 0.11 0.08 0 0.06 0 0.05
5.4 0.58 0.2 0.22 0.23 0.06 0.08 0 0.08
7.7 0.1 0.04 0.03 0.04 0 0.01 0.02 0.02
11.6 0.21 0.07 0.06 0.06 0.01 0.02 0.09 0.04
27.9 2.05 0.83 0.77 0.38 0.04 0.14 0.91 0.15
9.6 0.61 0.21 0.27 0.13 0 0.1 0.16 0.12
8.9 0.57 0.25 0.26 0.14 0 0.06 0.03 0.08
10 0.87 0.45 0.41 0.33 0.03 0.09 0.08 0.12
19.1 0.53 0.32 0.3 0.19 0.01 0.05 0.03 0.05
26.8 0.73 0.38 0.25 0.18 0 0.07 0.08 0.13
28.2 0.59 0.39 0.22 0.15 0 0.07 0.08 0.04
13.1 0.81 0.43 0.3 0.16 0 0.06 0.09 0.12
13.1 0.63 0.34 0.2 0.14 0 0.06 0.06 0.08
22.4 1.25 0.56 0.48 0.27 0 0.16 0.07 0.16
6.7 0.59 0.3 0.17 0.09 0 0.04 0.03 0.03
6.4 0.43 0.19 0.19 0.11 0 0.07 0.04 0.08
16.7 1.63 0.95 0.62 0.36 0.05 0.13 0.06 0.08
10 0.37 0.12 0.12 0.07 0 0.05 0.03 0.04
11.6 0.42 0.17 0.13 0.11 0.04 0.08 0.03 0.08
29.3 0.48 0.14 0.16 0.09 0 0.04 0.02 0.03
32.6 0.52 0.49 0.17 0.23 0 0.06 0.04 0.1
44.5 0.44 0.53 0.12 0.18 0 0.05 0.03 0.03
96.1 0.23 1.02 0.06 0.12 0 0.03 0.02 0.05
11.8 1.12 0.55 0.41 0.23 0 0.09 0.15 0.24
6.9 0.51 0.2 0.16 0.11 0 0.05 0.03 0.07
9.6 0.61 0.25 0.22 0.13 0 0.06 0.04 0.26
6.9 0.83 0.23 0.34 0.13 0.02 0.1 1.93 0.25
4.8 0.36 0.16 0.16 0.1 0 0.05 0.05 0.06
13.9 2.13 0.73 0.84 0.32 0 0.22 0.32 0.35
11.4 0.64 0.31 0.21 0.13 0 0.04 0.08 0.11
12.2 0.46 0.24 0.18 0.09 0 0.04 0.06 0.08
18.5 0.69 0.44 0.31 0.24 0 0.12 0.06 0.09
7.6 0.88 0.49 0.35 0.2 0 0.07 0.07 0.11
6.8 0.45 0.22 0.17 0.13 0 0.05 0 0.05
11 0.74 0.49 0.3 0.19 0 0.08 0.07 0.1
6.1 0.37 0.13 0.12 0.07 0 0.06 0.04 0.09
8.2 0.34 0.16 0.14 0.07 0 0.03 0.02 0.09
10.2 0.65 0.26 0.27 0.15 0 0.06 0.02 0.06
14.6 1.32 0.52 0.6 0.34 0.03 0.08 0.16 0.17
15.3 0.64 0.19 0.29 0.16 0 0.06 0.08 0.08
4,490.00 0.8 0.41 0.35 0.46 0.04 0.07 0.09 0.11
34.4 0.79 0.29 0.19 0.1 0 0.06 0 0.11
14.7 0.62 0.23 0.22 0.14 0.02 0.06 0.04 0.08
24.7 0.79 0.36 0.28 0.18 0 0.07 0.03 0.14
7.9 0.45 0.22 0.16 0.1 0.02 0.04 0.02 0.07
13.5 1.01 0.41 0.4 0.19 0 0.07 0.09 0.13
11.1 0.47 0.25 0.18 0.08 0 0.04 0.04 0.1
14.4 1.14 0.65 0.44 0.36 0 0.15 0 0
16.6 1.48 0.7 0.63 0.36 0 0.18 0 0.3
11.5 0.87 0.46 0.39 0.23 0 0.24 0.1 0.13
5.6 0.61 0.26 0.23 0.14 0.02 0.07 0.03 0.05
6.6 1.09 0.43 0.44 0.2 0 0.08 0.04 0.12
10 1.32 0.63 0.48 0.26 0 0.16 0.1 0.14
10.1 0.75 0.38 0.32 0.18 0.08 0.1 0.11 0.2
11.1 0.96 0.41 0.37 0.19 0.06 0.09 0.03 0.07
8.1 0.67 0.25 0.25 0.15 0 0.08 0.06 0.1
14 0.7 0.28 0.3 0.16 0 0.03 0.04 0.09
30.7 0.44 0.2 0.18 0.22 0.04 0.1 0.06 0.1
6,748.40 0.78 0.37 0.34 0.41 0.08 0.18 0.1 0.08
96.2 1.21 0.58 0.54 0.24 0 0.08 0.16 0.24
16.8 0.62 0.23 0.23 0.15 0 0.08 0 0.08
14.8 0.72 0.58 0.3 0.46 0.07 0.11 0.14 0.18
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6.5 0.21 0.09 0.07 0.06 0 0.02 0.02 0.04
7.4 0.29 0.13 0.1 0.11 0 0.02 0.04 0.06
6.7 0.43 0.23 0.18 0.12 0.01 0.05 0.05 0.06
5.1 0.24 0.12 0.07 0.09 0 0.03 0.02 0.05
4.8 0.33 0.15 0.1 0.09 0.01 0.04 0.02 0.07
5.2 0.46 0.15 0.14 0.14 0 0.04 0.04 0.08
72.5 0.57 0.86 0.27 0.21 0 0.09 0.09 0.13
115.9 0.31 1.4 0.12 0.16 0 0.04 0.04 0.05
199.1 0.32 2.31 0.12 0.15 0 0.03 0.02 0.07
10.8 0.77 0.41 0.31 0.17 0 0.06 0.12 0.1
10.1 0.73 0.34 0.27 0.15 0 0.06 0.06 0.08
12.3 1.03 0.46 0.41 0.18 0 0.1 0.1 0.12
19.7 2.24 1.23 0.84 0.5 0 0.13 0.13 0.12
13.1 0.86 0.49 0.32 0.19 0 0.06 0.06 0.05
21.4 2.41 1.14 0.89 0.44 0.05 0.13 0.11 0.12
20.2 0.84 0.36 0.3 0.21 0 0.06 0.06 0.09
34.7 0.61 0.44 0.21 0.17 0 0.06 0.03 0.05
46 0.53 0.38 0.17 0.12 0 0.04 0.02 0.06
11.4 1.2 0.59 0.42 0.2 0 0.06 12.35 0.02
21.3 0.47 0.3 0.16 0.14 0 0.04 0.14 0.03
27.2 0.2 0.24 0.05 0.08 0 0.02 0.03 0.03
50.2 0.43 0.5 0.16 0.15 0 0.06 0.08 0.07
68.8 0.63 0.79 0.16 0.16 0 0.03 0.04 0.06
102.1 0.62 1.12 0.25 0.19 0 0.06 0.04 0.07
5.3 0.43 0.19 0.15 0.1 0 0.05 0.03 0.08
8 0.64 0.31 0.23 0.13 0 0.08 0 0.06
7 0.35 0.15 0.13 0.07 0 0.03 0.02 0.04
4.2 0.57 0.26 0.19 0.09 0 0.03 0.03 0.04
7.2 0.87 0.29 0.32 0.19 0 0.06 0.04 0.05
4.2 0.18 0.06 0.06 0.04 0 0.02 0.02 0.02
29.1 0.34 0.32 0.13 0.12 0 0.04 0.02 0.05
39.9 0.43 0.41 0.16 0.17 0 0.04 0.03 0.04
45.1 0.46 0.51 0.16 0.16 0 0.05 0.03 0.03
15.9 0.49 0.27 0.2 0.12 0 0.04 0.03 0.03
16.6 0.53 0.19 0.21 0.14 0 0.07 0.03 0.07
14.4 0.25 0.16 0.08 0.08 0 0.02 0.03 0.02
6.9 0.34 0.13 0.1 0.07 0 0.03 0.03 0.04
8.8 0.61 0.2 0.2 0.09 0 0.03 0.04 0.07
8.1 0.27 0.1 0.1 0.07 0 0.02 0 0.02
7.8 0.22 0.08 0.07 0.06 0 0.02 0 0.03
13.9 0.47 0.2 0.16 0.1 0 0.04 0.02 0.04
19.2 0.59 0.3 0.2 0.14 0 0.1 0.04 0.06
25.2 0.37 0.21 0.13 0.1 0 0.04 0.03 0.04
22.3 0.46 0.22 0.18 0.13 0 0.05 0.03 0.03
25.7 0.5 0.39 0.15 0.15 0 0.14 0.04 0.05
11.7 1.07 0.4 0.4 0.2 0 0.06 0.04 0.09
16.9 1.01 0.45 0.37 0.2 0 0.06 0.03 0.04
8.3 0.35 0.09 0.12 0.07 0 0.02 0.01 0.02
69.3 0.79 0.67 0.24 0.16 0 0.06 0.03 0.05
56 0.62 0.59 0.24 0.17 0.01 0.03 0.03 0.03
59.2 0.68 0.59 0.25 0.16 0 0.04 0.03 0.03
5.8 0.29 0.12 0.09 0.06 0 0.02 0.02 0.03
8.9 0.53 0.24 0.2 0.12 0 0.03 0.03 0.05
7.9 0.27 0.22 0.08 0.05 0 0.02 0.01 0.03
8.1 0.25 0.13 0.12 0.07 0 0.02 0.01 0.03
12.1 0.57 0.31 0.24 0.17 0 0.06 0.04 0.07
16.7 1.46 0.92 0.72 0.41 0.03 0.11 0.08 0.07
16.4 0.92 0.41 0.3 0.23 0.02 0.07 0.05 0.07
14.4 0.3 0.18 0.09 0.07 0 0.03 0.02 0.04
17.2 0.65 0.31 0.19 0.14 0 0.07 0.02 0.05
11.2 0.25 0.16 0.09 0.11 0 0.03 0.02 0.05
12.2 0.27 0.16 0.1 0.1 0 0.02 0.02 0.06
16.8 0.63 0.38 0.22 0.19 0 0.04 0.02 0.05
6.3 1.01 0.71 0.62 0.59 0.03 0.13 0.2 0.13
21.1 0.43 0.36 0.18 0.2 0 0.04 0.04 0.04
27.1 0.61 0.55 0.22 0.26 0 0.06 0.17 0.03
19.5 0.31 0.16 0.12 0.09 0 0.02 0.02 0.03
29.7 0.38 0.46 0.12 0.1 0 0.02 0.02 0.03
33.9 0.3 0.31 0.11 0.14 0 0.04 0.08 0.05
7.2 0.46 0.21 0.15 0.11 0 0.03 0.02 0.04
5.9 0.44 0.16 0.13 0.1 0.01 0.02 0.02 0.04
7.5 0.24 0.12 0.08 0.05 0 0.01 0.01 0.02
11.4 0.35 0.26 0.13 0.09 0 0.02 0.02 0.03
14.3 0.31 0.13 0.11 0.08 0 0.02 0.01 0.03
17.4 0.27 0.16 0.1 0.1 0 0.03 0.03 0.02
32 0.54 0.37 0.19 0.16 0 0.04 0.05 0.04
35 0.55 0.46 0.16 0.17 0 0.04 0.04 0.04
38.6 0.47 0.46 0.18 0.22 0 0.04 0.03 0.05
5.6 0.3 0.11 0.12 0.07 0 0.01 0.02 0.02
32.4 0.73 0.27 0.26 0.14 0 0.03 0.17 0.05
10.7 0.47 0.19 0.19 0.13 0 0.02 0.02 0.04
3.6 0.37 0.13 0.17 0.1 0 0.02 0.02 0.04
3.8 0.34 0.14 0.14 0.09 0 0.02 0.02 0.03
5.8 0.57 0.31 0.22 0.13 0 0.03 0.05 0.05
2.6 0.48 0.26 0.16 0.14 0 0.03 0.03 0.14
4.1 0.57 0.22 0.18 0.11 0 0.03 0.02 0.08
12.6 0.72 0.26 0.17 0.15 0 0.03 0.02 0.03
15.8 0.27 0.22 0.09 0.11 0.01 0.02 0.02 0.02
27.4 0.32 0.45 0.13 0.14 0.01 0.03 0.04 0.03
116 0.24 0.85 0.08 0.14 0.03 0.03 0.02 0.02
299.7 0.34 3.75 0.1 0.36 0.09 0.19 0.15 0.1
1,391.80 0.29 31.04 0.07 1.69 0.49 0.42 0.21 0.13
29.8 0.39 0.37 0.12 0.14 0 0.03 0.01 0.03
29.5 0.45 0.32 0.14 0.21 0 0.04 0.03 0.03
38.7 0.49 0.4 0.21 0.19 0 0.04 0.03 0.04
17.7 0.51 0.18 0.18 0.09 0 0.03 0.06 0.06
23.4 0.62 0.33 0.24 0.17 0 0.04 0.05 0.07
46.4 0.55 1.5 0.11 0.11 0 0.02 0.07 0.13
4.9 0.4 0.25 0.14 0.15 0 0.06 0.03 0.04
6 0.27 0.24 0.13 0.17 0 0.04 0.03 0.04
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11.2 0.1 0.24 0.05 0.11 0 0.03 0.02 0.03
14.4 0.54 0.23 0.22 0.12 0.01 0.03 0.05 0.05
17 0.82 0.34 0.28 0.16 0 0.07 0.06 0.08
35.3 1.4 0.92 0.58 0.46 0 0.15 0.13 0.14
4.5 0.32 0.16 0.13 0.12 0 0.04 0.04 0.06
5.5 0.23 0.15 0.09 0.11 0 0.03 0.04 0.04
8.7 0.16 0.19 0.07 0.12 0 0.02 0.02 0.06
44.2 0.34 0.59 0.13 0.19 0.01 0.06 0.02 0.05
82.9 0.31 0.92 0.12 0.17 0 0.03 0.02 0.04
147.5 0.18 1.45 0.06 0.13 0 0.01 0.01 0.03
12.1 0.29 0.13 0.1 0.07 0 0.02 0.02 0.02
13.3 0.41 0.13 0.14 0.11 0 0.02 0.02 0.04
17.7 0.51 0.27 0.19 0.12 0 0.02 0.04 0.05
8.8 0.6 0.35 0.24 0.15 0 0.04 0.02 0.04
8.3 0.46 0.23 0.19 0.18 0.01 0.05 0.03 0.06
9 0.52 0.27 0.22 0.15 0.01 0.03 0.04 0.04
16.5 2.14 1.23 0.88 0.46 0.03 0.12 5.2 0.08
6 0.71 0.4 0.36 0.21 0 0.07 0.09 0.09
3.4 0.13 0.08 0.06 0.06 0 0.02 0.02 0.02
8.8 0.33 0.18 0.14 0.09 0 0.02 0.03 0.04
9.3 0.29 0.13 0.11 0.09 0 0.01 0.02 0.04
55.7 1.94 1.06 0.75 0.54 0.04 0.15 0.05 0.11
4.3 0.29 0.15 0.13 0.13 0.01 0.02 0.02 0.04
6.3 0.46 0.24 0.21 0.15 0 0.04 0.04 0.05
5.4 0.49 0.23 0.2 0.13 0 0.04 0.02 0.06
5.3 0.31 0.22 0.14 0.14 0 0.04 0.02 0.03
9.9 0.35 0.26 0.18 0.2 0.01 0.03 0.03 0.05
12.3 0.12 0.18 0.06 0.1 0 0.02 0.01 0.03
7.3 0.25 0.12 0.1 0.07 0 0.01 0.01 0.02
11.6 0.67 0.35 0.29 0.16 0 0.04 0.05 0.04
14.4 0.47 0.24 0.18 0.13 0 0.03 0.04 0.03
74.8 0.18 1.36 0.08 0.15 0.01 0.05 0.03 0.05
150.1 0.26 2.82 0.09 0.21 0.01 0.09 0.02 0.07
16,631.70 0.16 32.66 0.06 2.06 0.08 0.15 0.03 0.04
102.6 0.23 0.36 0.12 0.13 0 0.04 0.02 0.04
16 0.2 0.21 0.09 0.1 0 0.03 0.02 0.03
27.7 0.22 0.5 0.11 0.14 0.01 0.03 0.02 0.04
15 0.55 0.26 0.19 0.12 0 0.03 0 0.07
17.1 0.53 0.28 0.18 0.13 0 0.03 0 0.06
12.8 0.55 0.28 0.2 0.12 0 0.03 0.02 0.02
8.1 0.28 0.25 0.16 0.18 0 0.02 0.03 0.03
9.1 0.15 0.16 0.09 0.12 0.01 0.03 0.01 0.03
17.4 0.09 0.22 0.05 0.12 0.01 0.02 0.02 0.02
3 0.32 0.23 0.14 0.17 0 0.03 0.02 0.06
5.9 0.61 0.51 0.27 0.25 0 0.05 0.04 0.09
4 0.28 0.33 0.14 0.22 0 0.03 0.04 0.05
15 0.4 0.31 0.14 0.15 0 0.04 0.03 0.06
34.3 0.66 0.46 0.23 0.22 0 0.05 0.01 0.04
12.7 0.28 0.27 0.1 0.13 0 0.02 0.01 0.03
3.6 0.57 0.35 0.27 0.17 0.07 0.06 0.04 0.06
2.7 0.23 0.26 0.12 0.09 0 0.02 0.02 0.03
3.2 0.2 0.08 0.09 0.06 0 0.01 0.01 0.03
6.4 0.44 0.23 0.17 0.11 0 0.03 0.02 0.04
8 0.52 0.26 0.19 0.13 0 0.04 0.02 0.04
8.3 0.51 0.19 0.19 0.1 0 0.03 0.02 0.05
14.4 0.73 0.47 0.3 0.22 0.02 0.06 0.05 0.05
13 0.41 0.24 0.13 0.12 0 0.04 0.05 0.2
14.5 0.57 0.36 0.23 0.2 0 0.04 0.05 0.05
8 0.44 0.25 0.18 0.13 0.05 0.04 0.02 0.04
9.8 0.4 0.17 0.13 0.08 0 0.02 0.02 0.03
15.7 0.44 0.28 0.14 0.12 0 0.03 0.02 0.04
12.6 0.53 0.3 0.2 0.14 0 0.04 0.04 0.05
12.4 0.55 0.32 0.22 0.17 0.01 0.04 0.03 0.03
18.1 0.28 0.31 0.11 0.1 0 0.03 0.02 0.04
25.7 0.66 0.48 0.31 0.33 0.01 0.11 0.05 0.07
40.7 4.98 1.82 2.93 1.15 0 0.36 0.36 0.25
513.4 0.22 1.92 0.09 0.13 0 0.01 0.02 0.03
17.6 0.48 0.33 0.22 0.23 0 0.06 0.06 0.1
9.8 0.26 0.24 0.13 0.17 0.01 0.03 0.02 0.04
17.5 0.1 0.27 0.04 0.09 0 0.02 0.01 0.03
185.3 0.31 2.56 0.09 0.17 0 0.03 0.02 0.04
370.9 0.29 6.38 0.14 0.22 0 0.03 0.04 0.1
73,264.90 0.3 52.84 0.13 0.97 0.05 0.12 0.04 0.07
457 0.55 0.69 0.25 0.23 0 0.06 0.04 0.07
24.1 0.41 0.26 0.15 0.16 0 0.05 0.03 0.05
21 0.45 0.33 0.17 0.15 0 0.04 0.02 0.05
20.8 0.45 0.25 0.15 0.1 0 0.03 0.02 0.05
10.7 0.59 0.25 0.23 0.12 0 0.04 0.05 0.05
9.1 0.3 0.15 0.11 0.09 0 0.02 0.02 0.04
21.5 2.38 1.41 0.99 0.54 0.02 0.14 0.12 0.09
11.1 1.1 0.54 0.41 0.22 0 0.06 0.05 0.05
8.5 0.51 0.19 0.2 0.1 0 0.02 0.03 0.03
6.8 0.28 0.21 0.11 0.14 0 0.03 0.03 0.04
13.8 0.28 0.38 0.14 0.24 0.01 0.04 0.04 0.05
10.7 0.11 0.24 0.06 0.1 0 0.02 0.02 0.02
54 0.35 0.6 0.22 0.25 0.01 0.04 0.05 0.06
45,033.30 0.16 16.82 0.08 1.3 0.14 0.1 0.02 0.03
45,051.70 0.52 16.99 0.18 2.06 0.27 0.16 0.11 0.4
170.2 0.75 0.41 0.32 0.16 0 0.04 0.04 0.05
24.9 0.65 0.35 0.27 0.14 0 0.03 0.04 0.03
15.5 0.32 0.2 0.12 0.08 0 0.02 0.02 0.03
129.7 0.41 0.45 0.2 0.3 0 0.05 0.03 0.05
393.3 0.77 4.07 0.3 0.39 0 0.19 0.03 0.11
81,474.10 0.17 13.6 0.06 3.56 0.09 0.35 0.05 0.08
312.6 0.87 0.71 0.37 0.25 0.01 0.05 0.04 0.03
60.7 1.22 0.76 0.54 0.39 0.02 0.09 0.12 0.11
25.1 1.17 0.51 0.44 0.24 0.01 0.05 0.06 0.07
33.5 0.41 0.19 0.17 0.1 0 0.02 0.06 0.05
47.1 0.26 0.14 0.1 0.07 0 0.01 0.02 0.04
102.7 0.76 0.27 0.32 0.15 0 0.04 0.06 0.12
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45.8 0.75 0.58 0.28 0.33 0.01 0.09 0.09 0.14
29.2 0.59 0.34 0.23 0.23 0.01 0.04 0.03 0.05
80.5 0.25 1.35 0.11 0.23 0 0.04 0.02 0.04
590.6 0.25 25.85 0.11 0.62 0.11 0.09 0.05 0.09
4,673.90 0.13 90.55 0.08 2.49 1.31 0.47 0.27 0.11
64,427.40 0.13 143.15 0.08 5.64 0 2.78 2.7 0.52
342.6 0.28 1.01 0.11 0.16 0.06 0.03 0.02 0.03
59.5 0.43 0.49 0.17 0.18 0 0.04 0.04 0.04
33 0.45 0.45 0.15 0.14 0 0.03 0.01 0.05
9.5 0.53 0.27 0.14 0.25 0.58 0.07 0 0
5.8 0.34 0.21 0.07 0.15 0 0 0 0
24.7 1.52 1.18 0.45 0.57 0.43 0.29 0 0
382.9 0.07 11.81 0 2.65 5.23 1.63 10.3 0.44
304 0.3 10.04 0.14 2.35 4.34 1.37 7.74 0.09
2,226.10 0.07 96.27 0 16.91 50.62 9.37 87.56 3.13
32.1 0.09 0.47 0.11 0.14 0 0.02 0 0
52.5 0.07 0.99 0.01 0.04 0 0 0 0
152.6 0.08 4.06 0.03 0.17 0 0 0 0
3.2 0.12 0.1 0.05 0.09 0 0 0 0
6.1 0.02 0.03 0 0 0 0.01 0 0
13.1 0.27 0.32 0.1 0.28 0 0.02 0 0
6.3 0.08 0.09 0.01 0.03 0.06 0 0 0
6.5 0.07 0.07 0.02 0.03 0.13 0 0 0
12.9 0.42 0.25 0.13 0.17 0 0 0 0
26.4 0.39 0.41 0.01 0.11 0.27 0 0 0
25.6 0 0.23 0 0.03 0.11 0.01 0 0
44.6 0 0.4 0.02 0.03 0.07 0.01 0 0
4.2 0.26 0 0.09 0.04 0.19 0.02 0 0
5.1 0.1 0.08 0.03 0.01 0 0.03 0 0
25.9 0.87 0.69 0.27 0.51 0.42 0.45 0 0
6.8 0.92 0.24 0.3 0.05 0.08 0.03 0 0
1.8 0 0 0 0 0.48 0 0 0
3.8 0.25 0.1 0.07 0.05 0.1 0.02 0 0
5 0.28 0.11 0.1 0.04 0.29 0 0 0
11.7 0.33 0.21 0.15 0.08 0.36 0.03 0 0
7.8 0.48 0.1 0.16 0.04 0.16 0 0 0
8.4 0.35 0 0.08 0 0.14 0.02 0 0
6.7 0.17 0 0.03 0.02 0.07 0 0 0
10.8 0.78 0.36 0.46 0.33 0.38 0 0 0
14.8 0.09 0.18 0.07 0.06 0.02 0.04 0 0
15.5 0.05 0.09 0.03 0.05 0.08 0 0 0
62.2 3.02 1.68 1.38 1.09 1.31 0.6 0 0
10.1 0.88 0.27 0.33 0.1 0.03 0 0 0
9.2 0.2 0.09 0.06 0.02 0.12 0 0 0
3.1 0.46 0.19 0.14 0.11 0.37 0.02 0 0
5.1 0.53 0.19 0.17 0.14 0.05 0 0 0
24.5 1.01 0.69 0.35 0.47 0.42 0.72 0 0
6.9 0.27 0.08 0.09 0.05 0.25 0.03 0 0
10.2 0.42 0.15 0.11 0.07 0.3 0 0 0
8.8 0.09 0.07 0.02 0.03 0.05 0.01 0 0
1.3 0.16 0.07 0.06 0.06 0.09 0.01 0 0
1.9 0.12 0.09 0.05 0.06 0.07 0.02 0 0
4.7 0.32 0.21 0.13 0.17 0.18 0.1 0 0
13.8 0.73 0.35 0.28 0.2 0.27 0 0 0
10.9 0.13 0.14 0.04 0.04 0.13 0 0 0
17.7 0.08 0.25 0.02 0.05 0 0 0 0
5.7 0.15 0.16 0.24 0.11 0.14 0 0 0
6.8 0.67 0.4 0.58 0.36 0.19 0.23 0 0
3 0.06 0.1 0.03 0.05 0 0.04 0 0
1.8 0.05 0.02 0 0.01 0.02 0 0 0
3.5 0.21 0.06 0.08 0.02 0.29 0.03 0 0
4.5 0.13 0.07 0.05 0.05 0.09 0 0 0
3 0.07 0.03 0.02 0.02 0.09 0 0 0
1.6 0.06 0.03 0 0.01 0.07 0.01 0 0
4.2 0.06 0.02 0.01 0 0 0 0 0
1.2 0.05 0.03 0.01 0.01 0.04 0 0 0
4.1 0.2 0.16 0.09 0.12 0.18 0.01 0 0
5.6 0.07 0.12 0.03 0.08 0.04 0 0 0
2.4 0.05 0.05 0.04 0.02 0.06 0.02 0 0
6.4 0.07 0.06 0.03 0.02 0.18 0.05 0 0
125.6 0.19 0.28 0.07 0.09 0.53 0.09 0 0
5.1 0.13 0.04 0.02 0.01 0.09 0.01 0 0
6.5 0.31 0.15 0.08 0.09 0.08 0.04 0 0
4.8 0.2 0.06 0.04 0.02 0.13 0 0 0
3.5 0.4 0.1 0.11 0 0.27 0 0 0
1.9 0.16 0.04 0.05 0.02 0.22 0 0 0
4.7 0.32 0.08 0.13 0.04 0.34 0 0 0
6.6 0.41 0.18 0.14 0.11 0.21 0.07 0 0
1.7 0.12 0.03 0.04 0.03 0 0.01 0 0
9.1 1.47 0.23 0.52 0.18 0.35 0 0 0
4.4 0.33 0.15 0.12 0.14 0.38 0.02 0 0
6 0.5 0.31 0.17 0.23 0.07 0 0 0
5.6 0.18 0.22 0.02 0.05 0.24 0.02 0 0
6.2 0.3 0.08 0.07 0.02 0.2 0 0 0
9.4 0.53 0.09 0.11 0.06 0 0 0 0
14.4 0.68 0.28 0.24 0.16 0.25 0 0 0
3.3 0.12 0.05 0.02 0.02 0 0 0 0
1.8 0.14 0.02 0.03 0.03 0.13 0 0 0
10.4 0.96 0.39 0.28 0.23 0.46 0 0 0
23.6 1 0.37 0.39 0.2 0.31 0.06 0 0
18.9 0.72 0.23 0.21 0.16 0.15 0 0 0
11.6 0.23 0.05 0.02 0.01 0.13 0 0 0
6.5 1.01 0.27 0.36 0.2 0 0 0 0
5.8 0.48 0.2 0.16 0.11 0.24 0.06 0 0
3.5 0.36 0.11 0.1 0.08 0.19 0 0 0
16.1 0.14 0.19 0.04 0.03 0 0.02 0 0
26.7 0.15 0.33 0.03 0.05 0.04 0.04 0 0
34.3 0.11 0.41 0.02 0.04 0.4 0 0 0
11.4 0.2 0.09 0.05 0.05 0.14 0 0 0
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35.3 0.82 0.5 0.16 0.2 0.3 0.1 0 0
33.4 0.13 0.33 0.02 0.04 0 0.02 0 0
1.7 0.06 0.02 0.01 0.01 0 0.01 0 0
1.7 0.3 0.04 0.08 0.02 0 0 0 0
4.4 0.48 0.12 0.15 0.05 0 0 0 0
11.8 0.86 0.35 0.33 0.18 0 0 0 0
10.4 0.73 0.26 0.18 0.14 0.16 0.09 0 0
7.1 0.05 0.12 0 0.02 0.06 0.01 0 0
6.6 0.78 0.28 0.26 0.16 0.2 0 0 0
7.6 0.86 0.28 0.31 0.18 0.45 0.1 0 0
17.4 0.96 0.43 0.29 0.22 0.34 0.2 0 0
15.2 1.26 0.44 0.34 0.34 0.41 0.14 0 0
11.4 0.08 0.07 0.03 0.03 0.1 0 0 0
24.8 0.81 0.53 0.28 0.27 0.25 0 0 0
12 2.11 0.53 0.65 0.42 0.6 0.16 0 0
4 0.2 0.05 0.05 0.03 0.17 0 0 0
5.9 0.2 0.06 0.05 0.02 0.25 0 0 0
12.6 0.07 0.07 0 0.01 0 0 0 0
29.7 0.6 0.52 0.15 0.24 0.2 0 0 0
18.5 0.79 0.54 0.18 0.24 0.2 0 0 0
5.5 0.4 0.16 0.1 0.07 0.16 0.04 0 0
9 0.81 0.26 0.22 0.18 0.21 0.03 0 0
6.3 0.18 0.06 0.04 0.02 0.25 0.01 0 0
10.1 0.44 0.16 0.14 0.08 0.18 0.03 0 0
14.8 0.38 0.08 0.11 0.09 0.01 0.01 0 0
7.3 0.09 0.03 0.03 0.02 0.09 0 0 0
11.1 0.35 0.18 0.09 0.07 0.21 0.04 0 0
7.6 0.1 0.04 0.03 0.01 0.02 0 0 0
15.7 0.69 0.32 0.23 0.17 0 0 0 0
6.4 0.15 0.06 0.02 0.01 0 0 0 0
6.6 0.11 0.04 0.04 0.02 0 0 0 0
12.9 0.19 0.15 0.04 0.04 0 0 0 0
10.3 0.29 0.15 0.1 0.05 0 0 0 0
10.1 0.15 0.06 0 0 0 0 0 0
12.3 0.52 0.27 0.21 0.1 0 0 0 0
6.7 0.21 0.08 0.07 0.05 0.1 0.01 0 0
17.8 2.49 1.19 1.01 0.57 0.9 0.41 0 0
6.1 0.22 0.08 0.07 0.05 0 0 0 0
32.1 0.68 0.72 0.2 0.28 0.23 0.08 0 0
50.9 0.54 0.75 0.21 0.2 0 0 0 0
68.4 0.09 0.88 0.02 0.06 0 0 0 0
28.5 0.18 0.09 0.04 0.06 0 0 0 0
31.4 0.98 0.53 0.23 0.34 0 0 0 0
46.3 1.4 0.98 0.45 0.47 0 0 0 0
9.5 0.11 0.15 0.04 0.03 0 0 0 0
14.9 0.28 0.25 0.09 0.08 0 0.01 0 0
16.3 0.05 0.17 0.01 0.02 0 0 0 0
27.3 0.2 0.32 0.01 0.07 0.16 0 0 0
33.4 0.53 0.53 0.15 0.13 0.19 0.07 0 0
34.9 0.1 0.35 0.02 0.04 0 0 0 0
8.4 0.12 0.07 0.04 0.04 0 0.03 0 0
14.4 0.14 0.07 0.04 0.04 0.03 0.01 0 0
17.5 0.3 0.19 0.05 0.06 0.21 0.03 0 0
24.9 0.13 0.2 0.03 0.03 0 0.04 0 0
41.3 0.13 0.38 0.02 0.02 0 0.03 0 0
70.3 0.08 0.65 0.03 0.04 0 0 0 0
16.6 1.15 0.51 0.31 0.2 0 0 0 0
13.2 0.58 0.19 0.21 0.08 0 0 0 0
12.8 0.41 0.15 0.11 0.06 0.24 0.02 0 0
9.9 0.19 0.1 0.06 0.04 0 0.01 0 0
13 0.26 0.16 0.07 0.05 0 0 0 0
20.4 0.3 0.12 0.11 0 0 0.02 0 0
7.9 0.38 0.19 0.07 0.05 0 0 0 0
8.4 0.31 0.1 0.07 0.04 0.28 0.01 0 0
9.6 0.18 0.06 0.03 0.01 0 0 0 0
37.7 1.23 0.78 0.35 0.37 0 0 0 0
41.6 0.12 0.29 0.03 0.01 0 0 0 0
70.6 0.45 0.49 0.13 0.05 0 0 0 0
7.7 0.11 0.03 0.03 0.03 0 0.01 0 0
10.9 0.1 0.04 0.04 0.03 0.03 0.02 0 0
12.1 0.33 0.09 0.03 0.04 0 0 0 0
4.8 0.21 0.06 0.05 0.04 0.16 0.01 0 0
7.4 0.44 0.12 0.1 0.07 0 0.03 0 0
4.6 0.16 0.04 0.03 0.01 0 0 0 0
7.7 0.09 0.1 0.03 0.05 0 0.01 0 0
4.8 0.04 0.06 0.01 0.02 0 0.01 0 0
10.1 0.03 0.1 0.01 0.02 0 0.02 0 0
8.7 0.11 0.03 0.02 0.02 0 0.01 0 0
7.3 0.09 0.03 0.01 0.01 0 0 0 0
7.2 0.09 0.04 0.02 0.02 0.02 0 0 0
10.4 0.09 0.04 0.02 0.02 0.14 0.01 0 0
10.4 0.32 0.13 0.11 0.05 0 0 0 0
31 0.11 0.04 0.02 0.02 0 0.01 0 0
1.7 0.1 0.03 0.02 0.01 0 0 0 0
8.9 1.48 0.31 0.38 0.16 0 0 0 0
3.9 0.37 0.15 0.12 0.05 0 0.01 0 0
10.8 0.78 0.41 0.22 0.26 0 0.13 0 0
18.4 0.13 0.18 0.02 0.05 0.03 0 0 0
31.5 0.32 0.35 0.07 0.14 0 0 0 0
2.1 0.12 0.04 0.03 0 0 0.13 0 0
12.2 1.25 0.72 0.52 0.33 0 0.41 0 0
7.1 0.69 0.29 0.23 0.21 0.21 0.29 0 0
20.5 0.84 0.3 0.31 0.13 0 0.01 0 0
19.8 0.24 0.05 0.05 0.03 0 0 0 0
25.2 1.54 0.57 0.51 0.27 0 0 0 0
7.3 0.34 0.12 0.09 0.05 0 0 0 0
4.6 0.31 0.08 0.08 0.04 0 0.01 0 0
7.7 0.96 0.36 0.29 0.11 0 0 0 0
6.9 0.25 0.1 0.07 0.11 0 0 0 0
4.1 0.07 0.03 0.02 0.02 0 0 0 0
6.6 0.17 0.09 0.03 0.02 0 0 0 0
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6 0.15 0.03 0.05 0.02 0 0 0 0
4.7 0.12 0.04 0.02 0.02 0.45 0 0 0
4.3 0.06 0.04 0.02 0.01 0 0 0 0
15.2 0.12 0.04 0.02 0.02 0 0.01 0 0
9.8 0.1 0.04 0.01 0.02 0 0 0 0
11.9 0.26 0.09 0.07 0.05 0 0.03 0 0
3.3 0.15 0.03 0.03 0.02 0 0 0 0
2.8 0.13 0.04 0.04 0.02 0 0 0 0
5 0.2 0.06 0.05 0.04 0 0 0 0
8.4 0.16 0.01 0.03 0.02 0.12 0.01 0 0
5.9 0.19 0.04 0.04 0.02 0 0 0 0
8.9 0.11 0.05 0.03 0.01 0.05 0 0 0
3.7 0.15 0.05 0.06 0.02 0.03 0 0 0
6.4 0.17 0.05 0.04 0.02 0 0.03 0 0
4.7 0.21 0.05 0.03 0.02 0 0 0 0
5 0.24 0.07 0.06 0.04 0 0 0 0
4.5 0.14 0.04 0.02 0.01 0 0 0 0
6.1 0.45 0.12 0.11 0.04 0 0 0 0
1.8 0.28 0.11 0.04 0.02 0 0 0 0
2 0.44 0.12 0.16 0 0 0 0 0
2.6 0.43 0.17 0.16 0.07 0 0 0 0
13.5 0.84 0.41 0.21 0.35 0 0 0 0
22 0.45 0.35 0.14 0.09 0.01 0 0 0
30.4 0.05 0.3 0.02 0.03 0 0.01 0 0
9.8 0.04 0.07 0.01 0.02 0 0 0 0
17.3 0.1 0.16 0.04 0.04 0 0 0 0
19.5 0.03 0.13 0.01 0.01 0 0 0 0
2.4 0.1 0.04 0.04 0.01 0 0 0 0
3 0.09 0.03 0.03 0.01 0 0 0 0
6 0.32 0.13 0.07 0.12 0 0.22 0 0
25.7 1.32 0.87 0.36 0.25 0 0 0 0
33.2 0.37 0.37 0.1 0.07 0 0 0 0
41.5 2.17 1.49 0.67 1.07 0 0 0 0
17.2 2.06 0.81 0.76 0.26 0 0 0 0
19.7 0.44 0.24 0.16 0.08 0 0.04 0 0
28.2 1.03 0.55 0.36 0.26 0 0 0 0
3.5 0.25 0.07 0.08 0.03 0 0 0 0
7.8 0.18 0.05 0.03 0.03 0 0 0 0
4.7 0.31 0.12 0.06 0.08 0 0 0 0
12.5 0.62 0.4 0.18 0.17 0 0 0 0
18.9 0.16 0.19 0.03 0.03 0 0 0 0
36.4 1.83 1.54 0.59 0.5 0 0.24 0 0
6.4 0.75 0.28 0.27 0.11 0 0 0 0
5.9 0.51 0.14 0.09 0.05 0 0.04 0 0
7.1 0.35 0.1 0.11 0.03 0 0 0 0
2.8 0.18 0.07 0.07 0.02 0 0 0 0
4.6 0.54 0.16 0.15 0.06 0.31 0.04 0 0
3.3 0.13 0.06 0.03 0.03 0 0 0 0
5 0.12 0.03 0.02 0.01 0 0 0 0
10.3 0.85 0.45 0.24 0.12 0 0 0 0
15.3 1.01 0.48 0.32 0.2 0 0 0 0
3.4 0.09 0.05 0.02 0.03 0 0.01 0 0
3.3 0.07 0.04 0.02 0.02 0 0 0 0
5.2 0.22 0.12 0.05 0.03 0 0 0 0
5.5 0.38 0.14 0.1 0.06 0 0 0 0
7.2 0.32 0.18 0.15 0.1 0 0 0 0
5.6 0.33 0.19 0.12 0.09 0 0 0 0
3.1 0.14 0.07 0.03 0.02 0 0 0 0
8.7 0.51 0.35 0.1 0.13 0.27 0.09 0 0
10.4 0.44 0.32 0.11 0.24 0 0.16 0 0
6.4 0.23 0.1 0.06 0.06 0 0 0 0
7.9 0.1 0.05 0.02 0.01 0 0 0 0
9 0.17 0.08 0.04 0.04 0 0 0 0
5.5 0.52 0.29 0.15 0.17 0 0 0 0
9.5 0.06 0.09 0.02 0.02 0 0 0 0
7.3 0.09 0.09 0.02 0.02 0 0 0 0
8.9 0.36 0.17 0.09 0.07 0 0 0 0
19 0.31 0.23 0.13 0.12 0 0 0 0
19 0.36 0.3 0.09 0.08 0 0 0 0
9.8 0.33 0.17 0.08 0.06 0 0 0 0
9.3 0.11 0.09 0.01 0.03 0 0 0 0
16.5 0.34 0.29 0.13 0.06 0 0 0 0
6.1 0.44 0.12 0.18 0.1 0.1 0.01 0 0
9.3 0.8 0.32 0.26 0.09 0 0 0 0
3.4 0.11 0.06 0.03 0.01 0 0 0 0
9.6 1.4 0.69 0.45 0.27 0 0 0 0
5.4 0.61 0.26 0.18 0.12 0 0 0 0
6.6 0.21 0.15 0.07 0.07 0.1 0 0 0
7.2 0.13 0.06 0.02 0.01 0.92 0 0 0
5.6 0.21 0.13 0.06 0.06 0 0.01 0 0
11.9 0.4 0.22 0.09 0.08 0 0 0 0
5.9 0.29 0.15 0.09 0.1 0 0 0 0
9.7 0.23 0.21 0.07 0.12 0.14 0 0 0
17 0.36 0.38 0.08 0.09 0 0 0 0
6.5 0.21 0.13 0.07 0.06 0 0.01 0 0
9.8 0.52 0.33 0.21 0.22 0 0 0 0
4.3 0.34 0.21 0.11 0.12 0 0 0 0
16.5 0.14 0.33 0.05 0.06 0.14 0.01 0 0
32.3 0.07 0.41 0.02 0.03 0 0 0 0
70.2 0.11 1.31 0.06 0.04 0.14 0.02 0 0
5.8 0.17 0.07 0.01 0.02 0 0.01 0 0
4.9 0.26 0.12 0.07 0.05 0 0.15 0 0
8.3 0.61 0.25 0.16 0.08 0 0.01 0 0
6.6 0.13 0.06 0.01 0.03 0 0.02 0 0
8 0.1 0.05 0.04 0.03 0 0 0 0
7.3 0.05 0.03 0 0.01 0 0.01 0 0
5.4 0.15 0.07 0.03 0.02 0 0 0 0
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0.7 0.03 0.03 0.01 0.01 0.01 0 0 0
7.7 0.19 0.08 0.05 0.03 0.31 0.01 0 0
9.3 0.82 0.4 0.23 0.21 0 0 0 0
8.2 0.24 0.2 0.1 0.08 0 0 0 0
5.7 0.2 0.13 0.03 0.07 0.02 0.02 0 0
3.9 0.12 0.06 0.06 0.02 0 0 0 0
3.9 0.15 0.09 0.04 0.04 0 0 0 0
6.7 0.26 0.19 0.06 0.11 0 0.12 0 0
6.3 0.64 0.35 0.22 0.17 0 2.24 0 0
5.7 0.11 0.13 0.04 0.09 0.01 0 0 0
5.5 0.14 0.14 0.03 0.05 0 0.05 0 0
8.9 0.17 0.19 0.04 0.05 0 0 0 0
11.4 0.2 0.28 0.05 0.04 0.31 0 0 0
10.6 0.19 0.22 0.05 0.06 0 0 0 0
1.9 0.31 0.02 0.06 0.03 0 0 0 0
9.1 1.6 0.65 0.55 0.27 0 0 0 0
3.8 0.41 0.15 0.09 0.06 0 0 0 0
13 0.21 0.21 0.05 0.04 0 0.01 0 0
16.5 0.3 0.31 0.09 0.05 0.28 0 0 0
24.5 0.41 0.03 0.02 0.06 0.03 0 0
3.7 0.22 0.06 0.06 0.02 0 0 0 0
6.9 0.83 0.37 0.29 0.14 0 0 0 0
3.3 0.43 0.16 0.14 0.03 0 0.02 0 0
3.1 0.22 0.1 0.08 0.03 0 0 0 0
sample lost
3.5 0.25 0.11 0.08 0.06 0 0 0 0
10.2 0.29 0.23 0.09 0.14 0.3 0.16 0 0
11.2 0.2 0.23 0.06 0.07 0.01 0 0 0
10.3 0.1 0.24 0.02 0.05 0 0 0 0
5.9 0.12 0.11 0.04 0.04 0 0 0 0
6.2 0.2 0.14 0.06 0.07 0 0 0 0
6.4 0.31 0.21 0.1 0.09 0 0 0 0
3.7 0.34 0.31 0.1 0.15 0 0 0 0
3.8 0.26 0.21 0.07 0.12 0 0 0 0
4.7 0.23 0.24 0.06 0.16 0 0 0 0
8.1 0.26 0.2 0.08 0.11 0.19 0.03 0 0
7.9 0.18 0.13 0.04 0.05 0 0 0 0
7.6 0.24 0.14 0.06 0.06 0 0 0 0
11.8 0.25 0.24 0.09 0.07 0 0 0 0
16.8 0.6 0.41 0.19 0.13 0.02 0 0 0
20.1 0.34 0.48 0.1 0.09 0 0.03 0 0
11.1 0.29 0.14 0.09 0.08 0.02 0.01 0 0
7.8 0.53 0.26 0.17 0.17 0 0.05 0 0
7 0.16 0.11 0.03 0.04 0 0 0 0
3.7 0.21 0.07 0.08 0.04 0 0 0 0
3.8 0.34 0.12 0.09 0.06 0 0 0 0
6.7 0.25 0.12 0.04 0.07 0.12 0 0 0
6 0.62 0.14 0.06 0.08 0.01 0.01 0 0
9.3 0.58 0.26 0.16 0.15 0 0 0 0
9.4 0.52 0.2 0.16 0.14 0 0 0 0
5.9 0.32 0.16 0.11 0.09 0 0 0 0
6.9 0.45 0.23 0.12 0.13 0 0 0 0
5 0.28 0.16 0.09 0.12 0 0 0 0
4.1 0.09 0.05 0.03 0.01 0 0 0 0
6.8 0.38 0.24 0.12 0.09 0 0 0 0
7.8 0.44 0.28 0.15 0.12 0.01 0.04 0 0
8.3 0.06 0.09 0.02 0.04 0.1 0 0 0
9.7 0.06 0.11 0.02 0.04 0 0 0 0
10.2 0.17 0.16 0.06 0.08 0 0 0 0
2.1 0.14 0.1 0.04 0.07 0 0 0 0
2.8 0.31 0.17 0.09 0.11 0 0 0 0
1.9 0.1 0.07 0.04 0.03 0 0.01 0 0
7 0.26 0.09 0.08 0.05 0 0 0 0
11.9 0.15 0.07 0.03 0.02 0 0 0 0
12.4 0.77 0.41 0.2 0.14 0 0 0 0
3.6 0.11 0.06 0.02 0.03 0 0.01 0 0
4.9 0.15 0.1 0.03 0.06 0 0 0 0
6.5 0.33 0.24 0.06 0.07 0.38 0 0 0
5.6 0.88 0.48 0.14 0.36 0 0 0 0
13.5 0.06 0.24 0.02 0.07 0 0 0 0
14.6 0.12 0.5 0.03 0.08 0 0 0 0
2.8 0.18 0.08 0.03 0.04 0 0 0 0
5.4 0.16 0.18 0.04 0.09 0 0 0 0
2.6 0.04 0.07 0.01 0.02 0 0 0 0
4.3 0.4 0.14 0.11 0.05 0 0.01 0 0
4.5 0.46 0.16 0.15 0.06 0 0 0 0
4.7 0.53 0.15 0.15 0.05 0 0 0 0
3.3 0.25 0.12 0.02 0.02 0.01 0 0 0
3.8 0.15 0.09 0.05 0.05 0 0.01 0 0
3.9 0.14 0.09 0.02 0.03 0.01 0 0 0
3.3 0.36 0.12 0.1 0.05 0 0 0 0
6.3 0.48 0.2 0.16 0.06 0 0 0 0
5.2 0.22 0.1 0.07 0.04 0 0 0 0
4.3 0.11 0.06 0.02 0.04 0 0 0 0
6.7 0.49 0.21 0.15 0.08 0 0 0 0
7.4 0.58 0.33 0.16 0.13 0 0.01 0 0
4.4 0.55 0.13 0.17 0.11 0 0 0 0
3.4 0.12 0.03 0.03 0.01 0 0 0 0
4.1 0.17 0.05 0.04 0.02 0 0 0 0
1.6 0.14 0.05 0.05 0.03 0 0 0 0
3.6 0.25 0.03 0.09 0.03 0 0 0 0
3.8 0.15 0.05 0.04 0.05 0 0 0 0
6 0.31 0.12 0.1 0.05 0 0 0 0
6.7 0.14 0.05 0.03 0.02 0 0 0 0
13.4 0.42 0.18 0.15 0.05 0 0 0 0
1.8 0.16 0.06 0.05 0.02 0 0.16 0 0
2.7 0.28 0.28 0.08 0.03 0 0 0 0
3.6 0.22 0.12 0.07 0.03 0 0 0 0
2.9 0.31 0.11 0.09 0.05 0 0 0 0
7.2 0.41 0.23 0.18 0.12 0.22 0.01 0 0
2.5 0.22 0.1 0.05 0.03 0 0 0 0
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2.5 0.08 0.08 0.04 0.09 0.00 0.00 0.00 0.00 0.00 0.00 583
3.2 0.11 0.16 0.02 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,129
4.9 0.08 0.09 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 2,122
2.0 0.06 0.06 0.01 0.05 0.00 0.00 0.00 0.00 0.00 0.00 857
2.0 0.09 0.09 0.02 0.06 0.00 0.00 0.00 0.00 0.00 0.00 550
2.2 0.07 0.09 0.01 0.08 0.00 0.00 0.00 0.00 0.00 0.00 762
6.5 0.18 0.11 0.05 0.08 0.00 0.00 0.00 0.00 0.00 0.00 567
6.9 0.14 0.13 0.02 0.09 0.00 0.00 0.00 0.00 0.00 0.00 619
7.6 0.08 0.11 0.02 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,337
22.3 0.08 0.19 0.02 0.09 0.00 0.00 0.00 0.00 0.00 0.00 951
21.0 0.04 0.17 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 834
33.3 1.25 2.45 1.13 1.10 0.00 0.00 0.00 0.00 0.00 0.00 532
9.6 0.35 0.09 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 685
12.8 0.35 0.17 0.07 0.03 0.00 0.00 0.00 0.00 0.00 0.00 717
13.6 0.11 0.10 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,643
7.0 0.12 0.07 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,640
9.2 0.15 0.09 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 2,102
10.0 0.21 0.20 0.06 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,207
2.4 0.14 0.05 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,867
3.0 0.10 0.05 0.04 0.02 0.00 0.00 0.00 0.00 0.00 0.00 2,048
4.9 0.22 0.05 0.05 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,264
8.3 0.33 0.33 0.04 0.08 0.05 0.00 0.00 0.00 0.00 0.00 839
15.5 0.11 0.27 0.01 0.03 0.03 0.00 0.00 0.00 0.00 0.00 1,826
29.4 0.26 0.81 0.02 0.09 0.00 0.00 0.00 0.00 0.00 0.00 1,705
11.9 0.30 0.26 0.05 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,007
14.0 0.23 0.25 0.03 0.07 0.00 0.00 0.00 0.00 0.00 0.00 999
17.1 0.20 0.32 0.02 0.14 0.00 0.00 0.00 0.00 0.00 0.00 1,184
7.3 0.04 0.10 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 1,364
5.9 0.09 0.16 0.01 0.04 0.00 0.00 0.00 0.00 0.00 0.00 943
9.0 0.04 0.18 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 1,612
5,579.6 0.14 10.11 0.04 0.16 0.00 0.00 0.00 0.00 0.00 0.00 1,312
5,140.2 0.09 13.27 0.02 0.16 0.00 0.00 0.00 0.00 0.00 0.00 3,138
5,200.7 0.06 6.02 0.01 0.11 0.00 0.00 0.00 0.00 0.00 0.00 1,753
6.7 0.19 0.20 0.03 0.11 0.00 0.00 0.00 0.00 0.00 0.00 1,468
6.0 0.10 0.15 0.05 0.35 0.00 0.00 0.00 0.00 0.00 0.00 1,075
6.9 0.13 0.17 0.03 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,576
8.6 0.25 0.27 0.06 0.06 0.00 0.00 0.00 0.00 0.00 0.00 505
8.9 0.22 0.29 0.05 0.01 0.00 0.00 0.00 0.00 0.00 0.00 737
9.8 0.18 0.30 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 919
9.0 0.05 0.15 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 2,623
20.9 0.10 0.41 0.03 0.05 0.00 0.00 0.00 0.00 0.00 0.00 4,902
15.7 0.05 0.31 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 4,271
5.0 0.12 0.06 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 1,566
5.8 0.31 0.17 0.08 0.13 0.00 0.00 0.00 0.00 0.00 0.00 906
7.3 0.35 0.29 0.08 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,043
3.5 0.23 0.13 0.05 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,970
5.8 0.40 0.21 0.13 0.11 0.00 -0.01 0.00 0.00 0.00 0.00 6,037
6.9 0.22 0.22 0.06 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,782
2.5 0.08 0.11 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 823
2.0 0.03 0.05 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 950
2.6 0.04 0.06 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 1,016
2.8 0.10 0.13 0.02 0.07 0.00 0.00 0.00 0.00 0.00 0.00 859
2.5 0.06 0.09 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 1,555
3.3 0.10 0.10 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 2,465
1.9 0.18 0.12 0.05 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,266
3.0 0.25 0.10 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 2,600
3.2 0.11 0.07 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,952
9.7 0.10 0.15 0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,338
6.0 0.07 0.10 0.02 0.06 0.00 0.00 0.00 0.00 0.00 0.00 522
18.2 0.09 0.27 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,260
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
9.6 0.34 0.28 0.20 0.25 0.00 0.00 0.00 0.00 0.00 0.00 972
12.6 0.23 0.28 0.13 0.23 0.00 0.00 0.00 0.00 0.00 0.00 2,096
12.2 0.41 0.38 0.21 0.33 0.00 0.00 0.00 0.00 0.00 0.00 1,675
5.9 0.35 0.29 0.12 0.20 0.00 0.00 0.00 0.00 0.00 0.00 2,163
5.7 0.12 0.16 0.04 0.13 0.00 0.00 0.00 0.00 0.00 0.00 1,041
10.4 0.17 0.25 0.06 0.14 0.00 0.00 0.00 0.00 0.00 0.00 1,293
3.3 0.31 0.24 0.18 0.30 0.00 0.00 0.00 0.00 0.00 0.00 1,022
3.6 0.35 0.27 0.11 0.24 0.00 0.00 0.00 0.00 0.00 0.00 1,047
5.3 0.38 0.32 0.15 0.17 0.00 0.00 0.00 0.00 0.00 0.00 1,279
691.4 0.14 2.50 0.06 0.19 0.00 0.00 0.00 0.00 0.00 0.00 4,618
43,145.4 0.06 4.07 0.05 0.20 0.00 0.00 0.00 0.00 0.00 0.00 5,250
78,797.9 0.08 4.54 0.06 0.24 0.00 0.00 0.00 0.00 0.00 0.00 2,768
15.5 0.22 0.28 0.07 0.24 0.00 0.00 0.00 0.00 0.00 0.00 662
12.5 0.09 0.17 0.04 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,146
15.9 0.19 0.26 0.16 0.14 0.00 0.00 0.00 0.00 0.00 0.00 772
12.9 0.55 0.42 0.15 0.58 0.00 0.00 0.00 0.00 0.00 0.00 1,812
16.1 0.12 0.28 0.05 0.08 0.00 0.00 0.00 0.00 0.00 0.00 737
37.4 0.24 0.71 0.05 0.09 0.00 0.00 0.00 0.00 0.00 0.00 1,720
7.7 0.19 0.19 0.04 0.09 0.00 0.00 0.00 0.00 0.00 0.00 1,497
8.2 0.34 0.26 0.08 0.17 0.00 0.00 0.00 0.00 0.00 0.00 1,099
8.8 0.19 0.22 0.05 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,924
50.0 0.13 0.10 0.04 0.08 0.00 0.00 0.00 0.00 0.00 0.00 2,125
55.9 0.18 0.16 0.07 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,910
49.1 0.14 0.18 0.04 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,316
9.5 0.23 0.10 0.06 0.11 0.00 0.00 0.00 0.00 0.00 0.00 2,287
9.1 0.51 0.28 0.17 0.18 0.00 0.00 0.00 0.00 0.00 0.00 1,409
12.6 0.47 0.25 0.15 0.34 0.00 0.00 0.00 0.00 0.00 0.00 2,707
8.1 0.26 0.16 0.08 0.07 0.00 0.00 0.00 0.00 0.00 0.00 3,551
6.8 0.42 0.24 0.11 0.16 0.00 0.00 0.00 0.00 0.00 0.00 889
8.7 0.27 0.30 0.10 0.11 0.00 0.00 0.00 0.00 0.00 0.00 1,810
11.0 0.47 0.25 0.12 0.15 0.00 0.00 0.00 0.00 0.00 0.00 2,362
10.6 0.21 0.19 0.03 0.07 0.00 0.00 0.00 0.00 0.00 0.00 3,520
6.9 0.08 0.16 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,805
4.1 0.10 0.05 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 2,640
4.0 0.09 0.06 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,213
3.8 0.07 0.05 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,938
5.2 0.09 0.07 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,227
5.6 0.26 0.18 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 1,901
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15.7 0.68 0.50 0.16 0.19 0.00 0.00 0.00 0.00 0.00 0.00 7,575
5.9 0.35 0.12 0.10 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,889
5.6 0.55 0.21 0.17 0.13 0.00 0.00 0.00 0.00 0.00 0.00 1,252
7.9 0.45 0.24 0.11 0.15 0.00 0.00 0.00 0.00 0.00 0.00 3,606
22.0 0.68 0.50 0.25 0.34 0.00 0.00 0.00 0.00 0.00 0.00 1,463
53.3 0.22 0.68 0.08 0.32 0.00 0.00 0.00 0.00 0.00 0.00 2,929
246.6 0.14 3.67 0.04 0.57 0.00 0.00 0.00 0.00 0.00 0.00 6,120
3.9 0.15 0.08 0.05 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,831
3.9 0.14 0.10 0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,490
8.8 0.44 0.29 0.12 0.14 0.00 0.00 0.00 0.00 0.00 0.00 1,702
1.2 0.05 0.02 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 1,774
7.1 0.13 0.10 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 2,704
6.5 0.21 0.18 0.06 0.12 0.00 0.00 0.00 0.00 0.00 0.00 859
4.9 0.15 0.15 0.04 0.09 0.00 0.00 0.00 0.00 0.00 0.00 788
6.8 0.20 0.25 0.03 0.04 0.05 0.00 0.00 0.00 0.00 0.00 1,361
1.4 0.05 0.06 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 271
8.8 0.20 0.27 0.02 0.10 0.00 0.00 0.00 0.00 0.00 0.00 816
4.5 0.07 0.14 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 605
25.1 0.31 0.60 0.03 0.19 0.00 0.00 0.00 0.00 0.00 0.00 2,747
3.9 0.12 0.07 0.11 0.08 0.00 0.00 0.00 0.00 0.00 0.00 2,172
6.4 0.10 0.11 0.04 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,030
7.3 0.24 0.21 0.08 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,241
8.9 0.44 0.30 0.13 0.21 0.00 0.00 0.00 0.00 0.00 0.00 1,059
12.0 0.41 0.35 0.04 0.12 0.00 0.00 0.00 0.00 0.00 0.00 2,665
22.1 0.28 0.42 0.09 0.14 0.00 0.00 0.00 0.00 0.00 0.00 2,504
5.5 0.33 0.06 0.11 0.12 0.00 0.00 0.00 0.00 0.00 0.00 1,157
11.5 0.36 0.14 0.03 0.14 0.00 0.00 0.00 0.00 0.00 0.00 2,220
10.6 0.21 0.16 0.06 0.13 0.00 0.00 0.00 0.00 0.00 0.00 2,499
9.7 0.69 0.40 0.16 0.25 0.00 0.00 0.00 0.00 0.00 0.00 1,467
10.5 0.20 0.18 0.03 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,640
7.9 0.18 0.21 0.05 0.06 0.00 0.00 0.00 0.00 0.00 0.00 809
6.4 0.30 0.14 0.07 0.05 0.00 0.00 0.00 0.00 0.00 0.00 2,078
11.0 0.17 0.17 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 2,316
12.9 0.31 0.25 0.07 0.10 0.00 0.00 0.00 0.00 0.00 0.00 1,032
10.7 0.12 0.05 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,687
10.3 0.17 0.06 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 1,768
13.6 0.13 0.08 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,500
6.9 0.18 0.11 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,275
7.8 0.16 0.13 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,404
6.0 0.22 0.19 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 800
1.7 0.14 0.05 0.06 0.04 0.00 0.00 0.00 0.00 0.00 0.00 1,312
1.7 0.08 0.04 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 680
2.5 0.10 0.04 0.05 0.03 0.00 0.00 0.00 0.00 0.00 0.00 408
2.9 0.18 0.07 0.04 0.04 0.00 0.00 0.00 0.00 0.00 0.00 1,999
3.1 0.23 0.10 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00 767
6.8 0.13 0.08 0.06 0.04 0.00 0.00 0.00 0.00 0.00 0.00 5,741
6.0 0.43 0.11 0.07 0.09 0.00 0.00 0.00 0.00 0.00 0.00 867
8.7 0.54 0.59 0.13 0.12 0.00 0.00 0.00 0.00 0.00 0.00 5,546
7.4 0.16 0.12 0.02 0.07 0.00 0.00 0.00 0.00 0.00 0.00 8,674
5.2 0.33 0.15 0.10 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,712
7.6 0.22 0.12 0.05 0.06 0.00 0.00 0.00 0.00 0.00 0.00 4,862
5.3 0.21 0.19 0.06 0.07 0.00 0.00 0.00 0.00 0.00 0.00 2,625
21.0 0.10 0.09 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 2,769
17.3 0.15 0.12 0.04 0.05 0.00 0.00 0.00 0.00 0.00 0.00 1,306
32.2 0.08 0.14 0.03 0.07 0.00 0.00 0.00 0.00 0.00 0.00 2,817
5.6 0.29 0.26 0.05 0.11 0.00 0.00 0.00 0.00 0.00 0.00 2,909
9.8 0.38 0.37 0.11 0.19 0.00 0.00 0.00 0.00 0.00 0.00 3,277
12.2 0.30 0.39 0.09 0.15 0.00 0.00 0.00 0.00 0.00 0.00 3,363
6.7 0.72 0.28 0.20 0.09 0.00 0.00 0.00 0.00 0.00 0.00 2,739
8.0 0.79 0.39 0.20 0.15 0.00 0.00 0.00 0.00 0.00 0.00 2,376
4.0 0.42 0.25 0.11 0.17 0.00 0.00 0.00 0.00 0.00 0.00 1,411
13.5 0.04 0.17 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 1,963
71.3 0.06 0.79 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 4,955
93.7 0.08 1.16 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 8,077
7.5 0.10 0.24 0.01 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,837
9.1 0.13 0.25 0.02 0.02 0.00 0.00 0.00 0.00 0.00 0.00 2,422
19.2 0.12 0.34 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,959
4.4 0.08 0.10 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,321
16.0 0.32 0.40 0.07 0.11 0.00 0.00 0.00 0.00 0.00 0.00 2,692
4.9 0.06 0.10 0.01 0.04 0.00 0.00 0.00 0.00 0.00 0.00 2,056
43.6 0.08 2.14 0.02 0.07 0.00 0.00 0.00 0.00 0.00 0.00 3,686
138.5 0.06 2.47 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 6,996
272.2 0.31 6.95 0.01 0.06 0.00 0.00 0.00 0.00 0.00 0.00 16,366
34.1 1.39 1.08 0.40 0.53 0.00 0.00 0.00 0.00 0.00 0.00 1,978
15.9 0.58 0.46 0.20 0.41 0.00 0.00 0.00 0.00 0.00 0.00 641
91.3 0.85 1.89 0.26 0.42 0.00 0.00 0.00 0.00 0.00 0.00 2,219
10.4 0.10 0.19 0.04 0.13 0.00 0.00 0.00 0.00 0.00 0.00 1,118
3.5 0.10 0.10 0.05 0.06 0.00 0.00 0.00 0.00 0.00 0.00 5,966
164.6 0.17 5.00 0.03 0.11 0.00 0.00 0.00 0.00 0.00 0.00 6,198
17.1 0.10 0.35 0.16 0.06 0.00 0.00 0.00 0.00 0.00 0.00 562
3.7 0.23 0.10 0.06 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,240
8.4 0.32 0.20 0.09 0.09 0.00 0.00 0.00 0.00 0.00 0.00 3,671
4.4 0.10 0.13 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 3,787
6.5 0.36 0.23 0.09 0.08 0.00 0.00 0.00 0.00 0.00 0.00 3,757
3.3 0.15 0.13 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 2,034
14.2 0.32 0.37 0.11 0.10 0.00 0.00 0.00 0.00 0.00 0.00 1,151
22.4 0.19 0.52 0.08 0.23 0.00 0.00 0.00 0.00 0.00 0.00 1,384
27.8 0.10 0.68 0.03 0.11 0.00 0.00 0.00 0.00 0.00 0.00 1,437
1.5 0.09 0.06 0.05 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,254
2.5 0.14 0.09 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 650
2.5 0.11 0.14 0.05 0.08 0.00 0.00 0.00 0.00 0.00 0.00 3,337
5.1 0.08 0.04 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,569
9.0 0.04 0.10 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,063
17.6 0.05 0.27 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,596
6.2 0.12 0.16 0.03 0.07 0.00 0.00 0.00 0.00 0.00 0.00 924
29.0 0.47 0.84 0.06 0.22 0.00 0.00 0.00 0.00 0.00 0.00 15,309
32.7 0.36 0.83 0.13 0.23 0.00 0.00 0.00 0.00 0.00 0.00 12,819
4.0 0.44 0.23 0.10 0.14 0.00 0.00 0.00 0.00 0.00 0.00 1,899
1.8 0.09 0.07 0.03 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,028
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2.5 0.12 0.09 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 829
5.0 0.11 0.11 0.06 0.08 0.00 0.00 0.00 0.00 0.00 0.00 709
20.3 0.13 0.36 0.08 0.19 0.00 0.00 0.00 0.00 0.00 0.00 3,233
23.3 0.18 0.47 0.07 0.10 0.00 0.00 0.00 0.00 0.00 0.00 2,940
3.7 0.22 0.10 0.05 0.06 0.00 0.00 0.00 0.00 0.00 0.00 4,039
2.0 0.09 0.06 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 1,804
7.0 0.29 0.23 0.05 0.13 0.00 0.00 0.00 0.00 0.00 0.00 6,536
38.4 0.30 0.65 0.04 0.14 0.00 0.00 0.00 0.00 0.00 0.00 9,337
18.0 0.08 0.32 0.01 0.04 0.00 0.00 0.00 0.00 0.00 0.00 4,039
32.6 0.16 0.68 0.05 0.11 0.00 0.00 0.00 0.00 0.00 0.00 5,031
14.6 0.33 0.32 0.09 0.14 0.00 0.00 0.00 0.00 0.00 0.00 8,150
24.8 1.02 0.65 0.30 0.31 0.00 0.00 0.00 0.00 0.00 0.00 7,678
19.7 0.60 0.46 0.14 0.21 0.00 0.00 0.00 0.00 0.00 0.00 5,282
6.7 0.27 0.13 0.07 0.08 0.00 0.00 0.00 0.00 0.00 0.00 5,091
11.6 0.53 0.36 0.16 0.16 0.00 0.00 0.00 0.00 0.00 0.00 5,286
11.4 0.61 0.41 0.17 0.31 0.00 0.00 0.00 0.00 0.00 0.00 3,101
45.8 0.18 0.33 0.07 0.08 0.00 0.00 0.00 0.00 0.00 0.00 2,485
47.0 0.09 0.35 0.04 0.09 0.00 0.00 0.00 0.00 0.00 0.00 1,834
66.0 0.12 0.72 0.01 0.04 0.00 0.00 0.00 0.00 0.00 0.00 1,221
6.8 0.30 0.13 0.05 0.13 0.00 0.00 0.00 0.00 0.00 0.00 1,600
10.7 0.38 0.19 0.06 0.17 0.01 0.00 0.00 0.00 0.00 0.00 2,714
6.9 0.21 0.14 0.05 0.11 0.00 0.00 0.00 0.00 0.00 0.00 1,880
8.9 0.79 0.29 0.20 0.11 0.00 0.00 0.00 0.00 0.00 0.00 2,109
9.7 0.33 0.08 0.07 0.13 0.00 0.00 0.00 0.00 0.00 0.00 3,510
21.0 0.88 0.24 0.15 0.21 0.00 0.00 0.00 0.00 0.00 0.00 3,347
7.0 0.61 0.17 0.14 0.12 0.00 0.00 0.00 0.00 0.00 0.00 2,163
5.2 0.22 0.15 0.04 0.05 0.00 0.00 0.00 0.00 0.00 0.00 3,612
6.5 0.24 0.19 0.06 0.15 0.00 0.00 0.00 0.00 0.00 0.00 2,836
9.6 0.66 0.38 0.20 0.45 0.00 0.00 0.00 0.00 0.00 0.00 1,273
15.9 1.86 1.96 1.24 1.27 0.00 0.00 0.00 0.00 0.00 0.00 2,733
12.1 0.51 0.45 0.19 0.62 0.00 0.00 0.00 0.00 0.00 0.00 2,361
8.7 0.54 0.22 0.13 0.18 0.00 0.00 0.00 0.00 0.00 0.00 2,378
2.6 0.10 0.05 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 1,309
2.9 0.13 0.07 0.02 0.10 0.00 0.00 0.00 0.00 0.00 0.00 1,646
28.2 1.05 0.29 0.30 0.27 0.00 0.00 0.00 0.00 0.00 0.00 776
29.5 1.19 0.58 0.34 0.47 0.00 0.00 0.00 0.00 0.00 0.00 1,286
26.0 1.04 0.57 0.32 0.62 0.00 0.00 0.00 0.00 0.00 0.00 932
3.7 0.10 0.10 0.02 0.09 0.00 0.00 0.00 0.00 0.00 0.00 2,112
4.1 0.10 0.09 0.03 0.05 0.00 0.00 0.00 0.00 0.00 0.00 2,300
4.3 0.11 0.10 0.02 0.04 0.00 0.00 0.00 0.00 0.00 0.00 979
5.0 0.27 0.14 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00 888
9.0 0.37 0.16 0.08 0.13 0.00 0.00 0.00 0.00 0.00 0.00 1,465
6.3 0.18 0.16 0.05 0.12 0.00 0.00 0.00 0.00 0.00 0.00 2,025
13.1 0.23 0.21 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 4,763
30.7 0.47 0.45 0.12 0.20 0.00 0.00 0.00 0.00 0.00 0.00 5,669
19.3 0.24 0.30 0.05 0.09 0.00 0.00 0.00 0.00 0.00 0.00 4,246
8.2 0.23 0.17 0.06 0.18 0.00 0.00 0.00 0.00 0.00 0.00 1,078
10.2 0.25 0.18 0.07 0.21 0.00 0.00 0.00 0.00 0.00 0.00 1,121
14.6 0.17 0.21 0.06 0.17 0.00 0.00 0.00 0.00 0.00 0.00 1,973
2.0 0.18 0.06 0.04 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,391
1.7 0.07 0.05 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,592
3.1 0.26 0.06 0.06 0.05 0.00 0.00 0.00 0.00 0.00 0.00 2,443
0.3 0.12 0.04 0.03 0.02 0.00 0.00 0.00 0.00 0.00 0.00 1,822
8.6 0.11 0.08 0.03 0.07 0.00 0.00 0.00 0.00 0.00 0.00 2,509
19.0 0.32 0.20 0.08 0.10 0.00 0.00 0.00 0.00 0.00 0.00 2,640
10.6 0.07 0.10 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 2,160
3.8 0.22 0.07 0.05 0.05 0.00 0.00 0.00 0.00 0.00 0.00 1,868
9.2 0.28 0.15 0.06 0.08 0.00 0.00 0.00 0.00 0.00 0.00 7,601
9.3 0.32 0.22 0.08 0.08 0.00 0.00 0.00 0.00 0.00 0.00 2,226
12.7 0.05 0.13 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 577
29.5 0.20 0.44 0.08 0.22 0.00 0.00 0.00 0.00 0.00 0.00 521
81.3 0.20 0.85 0.08 0.18 0.00 0.00 0.00 0.00 0.00 0.00 1,477
10.2 0.20 0.16 0.07 0.10 0.00 0.00 0.00 0.00 0.00 0.00 1,665
2.7 0.03 0.03 0.01 0.02 0.00 0.00 0.00 0.00 0.00 0.00 848
8.3 0.17 0.16 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,121
11,105.6 0.34 12.89 0.21 0.43 0.00 0.00 0.00 0.00 0.00 0.00 1,099
6.5 0.08 0.07 0.03 0.14 0.00 0.00 0.00 0.00 0.00 0.00 1,838
8.1 0.23 0.08 0.10 0.08 0.00 0.00 0.00 0.00 0.00 0.00 1,726
10.6 0.15 0.13 0.09 0.09 0.00 0.00 0.00 0.00 0.00 0.00 2,357
3.8 0.20 0.14 0.12 0.14 0.00 0.00 0.00 0.00 0.00 0.00 645
4.0 0.11 0.13 0.06 0.10 0.00 0.00 0.00 0.00 0.00 0.00 699
16.5 0.06 0.28 0.04 0.05 0.00 0.00 0.00 0.00 0.00 0.00 687
8.0 0.15 0.11 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,230
16.3 0.15 0.16 0.02 0.09 0.00 0.00 0.00 0.00 0.00 0.00 1,846
18.9 0.23 0.26 0.03 0.09 0.00 0.00 0.00 0.00 0.00 0.00 2,957
16.9 0.16 0.11 0.04 0.06 0.00 0.00 0.00 0.00 0.00 0.00 2,364
8.2 0.09 0.10 0.02 0.05 0.00 0.00 0.00 0.00 0.00 0.00 963
8.9 0.13 0.11 0.03 0.06 0.00 0.00 0.00 0.00 0.00 0.00 993
15.5 0.13 0.27 0.03 0.08 0.00 0.00 0.00 0.00 0.00 0.00 935
37.3 0.19 0.59 0.04 0.11 0.00 0.00 0.00 0.00 0.00 0.00 2,363
54.6 0.40 0.91 0.11 0.19 0.00 0.00 0.00 0.00 0.00 0.00 3,556
4.9 0.16 0.14 0.05 0.09 0.00 0.00 0.00 0.00 0.00 0.00 2,657
2.0 0.08 0.06 0.02 0.06 0.00 0.00 0.00 0.00 0.00 0.00 1,299
3.4 0.12 0.14 0.03 0.11 0.00 0.00 0.00 0.00 0.00 0.00 2,342
8.2 0.46 0.28 0.11 0.21 0.00 0.00 0.00 0.00 0.00 0.00 1,811
2.5 0.05 0.05 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,862
3.0 0.06 0.07 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,422
6.8 0.21 0.11 0.05 0.04 0.00 0.00 0.00 0.00 0.00 0.00 2,051
4.2 0.16 0.07 0.04 0.05 0.00 0.00 0.00 0.00 0.00 0.00 1,447
3.4 0.07 0.06 0.03 0.04 0.00 0.00 0.00 0.00 0.00 0.00 1,444
7.0 0.20 0.18 0.06 0.07 0.00 0.00 0.00 0.00 0.00 0.00 2,512
6.5 0.23 0.19 0.05 0.11 0.00 0.00 0.00 0.00 0.00 0.00 1,507
5.4 0.08 0.08 0.01 0.03 0.00 0.00 0.00 0.00 0.00 0.00 2,249
9.8 0.16 0.19 0.04 0.07 0.00 0.00 0.00 0.00 0.00 0.00 1,956
22.9 0.15 0.39 0.04 0.12 0.00 0.00 0.00 0.00 0.00 0.00 2,223
24.1 0.08 0.37 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 1,842
36.1 1.22 0.74 0.29 0.49 0.00 0.00 0.00 0.00 0.00 0.00 7,436
16.7 0.54 0.31 0.14 0.18 0.00 0.00 0.00 0.00 0.00 0.00 2,319
29.3 0.69 0.53 0.15 0.27 0.00 0.00 0.00 0.00 0.00 0.00 4,730
7.8 0.88 0.56 0.34 0.33 0.02 0.17 0.07 0.00 0.06 0.03 7,137
7.7 0.61 0.32 0.25 0.24 0.01 0.16 0.08 0.00 0.15 0.03 9,126
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9.0 0.54 0.30 0.19 0.23 0.01 0.09 0.05 0.00 0.25 0.05 16,601
8.1 0.54 0.19 0.23 0.22 0.02 0.13 0.05 0.00 0.11 0.05 8,004
12.7 0.52 0.22 0.20 0.19 0.01 0.11 0.06 0.00 0.04 0.03 6,910
27.2 0.68 0.60 0.22 0.37 0.02 0.10 0.08 0.00 0.15 0.04 9,456
9.9 0.12 0.10 0.04 0.04 0.02 0.02 0.02 0.00 0.07 0.03 10,989
13.5 0.21 0.18 0.07 0.15 0.01 0.04 0.03 0.00 0.09 0.04 2,326
17.2 0.08 0.20 0.02 0.07 0.01 0.01 0.02 0.00 0.05 0.00 4,194
8.6 0.18 0.08 0.06 0.05 0.02 0.05 0.04 0.00 0.20 0.05 3,764
8.9 0.12 0.05 0.05 0.04 0.00 0.03 0.02 0.00 0.11 0.02 14,003
12.9 0.13 0.07 0.03 0.03 0.01 0.01 0.01 0.00 0.03 0.00 4,004
3.6 0.13 0.05 0.04 0.04 0.01 0.09 0.03 0.00 0.05 0.00 2,842
4.8 0.10 0.04 0.04 0.05 0.01 0.01 0.01 0.00 0.07 0.00 53,150
6.3 0.10 0.05 0.04 0.04 0.01 0.03 0.03 0.00 0.04 0.02 1,647
6.9 0.90 0.35 0.37 0.32 0.02 0.21 0.09 0.00 0.13 0.00 16,720
6.3 0.47 0.13 0.20 0.21 0.02 0.10 0.02 0.00 0.08 0.00 986
5.2 0.22 0.08 0.11 0.12 0.01 0.06 0.04 0.00 0.13 0.00 3,902
9.2 0.51 0.19 0.16 0.16 0.02 0.04 0.05 0.00 0.09 0.00 6,098
10.7 0.60 0.20 0.23 0.24 0.02 0.10 0.07 0.00 0.10 0.00 9,665
13.5 0.57 0.22 0.21 0.20 0.01 0.12 0.05 0.00 0.06 0.03 41,424
5.5 0.11 0.07 0.04 0.03 0.02 0.03 0.02 0.00 0.05 0.00 4,606
9.1 0.12 0.06 0.05 0.04 0.01 0.05 0.02 0.00 0.06 0.00 17,297
10.5 0.09 0.06 0.04 0.03 0.01 0.02 0.03 0.00 0.06 0.00 913
6.2 0.30 0.13 0.11 0.14 0.01 0.08 0.04 0.00 0.03 0.01 3,645
9.2 0.56 0.27 0.20 0.28 0.01 0.11 0.10 0.00 0.05 0.00 8,641
11.1 0.50 0.19 0.16 0.24 0.03 0.09 0.10 0.00 0.08 0.00 12,984
5.5 0.36 0.15 0.13 0.15 0.01 0.05 0.04 0.00 0.07 0.05 20,014
8.4 0.75 0.38 0.24 0.32 0.01 0.09 0.06 0.00 0.09 0.03 17,694
8.5 0.66 0.20 0.21 0.25 0.02 0.10 0.06 0.00 0.08 0.06 10,249
6.2 0.10 0.05 0.03 0.03 0.01 0.02 0.02 0.00 0.05 0.12 36,782
7.4 0.14 0.08 0.06 0.05 0.01 0.03 0.03 0.00 0.10 0.02 4,434
11.5 0.21 0.13 0.08 0.10 0.01 0.01 0.02 0.00 0.07 0.00 23,862
3.2 0.19 0.09 0.07 0.08 0.01 0.06 0.04 0.00 0.06 0.00 653
6.3 0.56 0.28 0.19 0.20 0.02 0.07 0.05 0.00 0.07 0.00 4,787
5.5 0.21 0.12 0.07 0.11 0.01 0.04 0.01 0.00 0.09 0.00 9,211
2.8 0.11 0.05 0.03 0.03 0.01 0.02 0.02 0.00 0.05 0.02 10,068
6.8 0.58 0.23 0.22 0.22 0.02 0.09 0.04 0.00 0.13 0.05 25,936
6.1 0.15 0.07 0.03 0.05 0.01 0.02 0.01 0.00 0.04 0.02 10,382
3.7 0.10 0.06 0.05 0.06 0.01 0.02 0.02 0.00 0.09 0.03 6,432
3.0 0.24 0.08 0.10 0.13 0.01 0.05 0.03 0.00 0.07 0.02 35,399
5.0 0.11 0.07 0.05 0.03 0.01 0.03 0.03 0.00 0.13 0.03 5,198
3.3 0.20 0.09 0.08 0.09 0.01 0.04 0.02 0.00 0.06 0.02 15,368
4.1 0.09 0.06 0.03 0.03 0.02 0.04 0.03 0.00 0.12 0.02 903
4.5 0.08 0.01 0.04 0.05 0.01 0.01 0.02 0.00 0.05 0.03 4,080
6.5 0.60 0.25 0.20 0.19 0.02 0.11 0.06 0.00 0.16 0.04 10,952
8.4 0.83 0.28 0.27 0.27 0.01 0.11 0.06 0.00 0.08 0.04 16,223
8.6 0.46 0.14 0.14 0.15 0.01 0.06 0.03 0.00 0.08 0.00 19,304
4.4 0.11 0.06 0.04 0.05 0.01 0.03 0.02 0.00 0.08 0.02 12,105
6.3 0.12 0.06 0.04 0.03 0.01 0.03 0.03 0.00 0.07 0.00 8,827
10.5 0.15 0.12 0.06 0.04 0.01 0.02 0.03 0.00 0.09 0.03 59,726
2.9 0.22 0.08 0.08 0.09 0.01 0.05 0.03 0.00 0.04 0.00 3,054
3.1 0.24 0.08 0.09 0.09 0.01 0.05 0.03 0.00 0.06 0.03 11,366
3.8 0.30 0.11 0.11 0.11 0.01 0.05 0.04 0.00 0.09 0.03 611
6.7 0.45 0.17 0.23 0.17 0.02 0.15 0.09 0.00 0.15 0.00 9,692
17.7 0.57 0.20 0.24 0.23 0.02 0.16 0.07 0.00 0.08 0.00 11,266
5.5 0.47 0.19 0.15 0.12 0.01 0.10 0.04 0.00 0.09 0.00 12,734
3.5 0.16 0.06 0.08 0.04 0.01 0.06 0.03 0.00 0.08 0.00 19,987
6.2 0.24 0.08 0.08 0.07 0.01 0.07 0.03 0.00 0.10 0.00 14,558
5.2 0.20 0.07 0.06 0.05 0.02 0.05 0.04 0.00 0.11 0.00 7,257
8.9 0.33 0.15 0.16 0.13 0.01 0.13 0.06 0.00 0.12 0.00 53,032
190.2 0.14 0.08 0.08 0.08 0.01 0.05 0.03 0.00 0.08 0.00 3,054
32,296.0 0.23 0.58 0.10 0.39 0.09 0.10 0.07 0.00 0.22 0.02 11,366
6.3 0.36 0.12 0.14 0.12 0.00 0.10 0.04 0.00 0.08 0.00 993
7.3 0.11 0.06 0.05 0.05 0.01 0.04 0.01 0.00 0.07 0.00 4,165
11.4 0.38 0.18 0.15 0.14 0.01 0.08 0.04 0.00 0.08 0.00 7,925
9.4 0.06 0.15 0.03 0.07 0.02 0.02 0.02 0.00 0.05 0.00 2,222
12.7 0.04 0.20 0.02 0.06 0.02 0.02 0.02 0.00 0.20 0.00 2,252
11.5 0.11 0.39 0.13 0.18 0.02 0.06 0.04 0.00 0.13 0.02 568
27.6 0.15 0.25 0.03 0.07 0.03 0.03 0.06 0.00 0.39 0.00 3,583
39.6 0.10 0.29 0.03 0.05 0.03 0.03 0.02 0.00 0.07 0.00 2,300
63.8 0.10 0.61 0.04 0.09 0.01 0.03 0.03 0.00 0.34 0.00 3,106
0.6 0.08 0.09 0.07 0.09 0.01 0.03 0.03 0.00 0.09 0.00 245
0.7 0.07 0.08 0.04 0.08 0.01 0.03 0.02 0.00 0.32 0.00 328
0.9 0.11 0.13 0.09 0.13 0.03 0.05 0.04 0.00 0.31 0.00 491
2.0 0.36 0.22 0.17 0.13 0.01 0.07 0.04 0.00 0.27 0.00 1,254
2.4 0.31 0.21 0.17 0.14 0.01 0.07 0.03 0.00 0.09 0.03 3,658
2.0 0.18 0.14 0.08 0.09 0.01 0.06 0.03 0.00 0.42 0.00 4,651
19.1 0.54 0.35 0.18 0.26 0.01 0.08 0.08 0.12 0.25 0.03 1,084
16.4 0.36 0.29 0.13 0.21 0.01 0.07 0.06 0.08 0.15 0.03 987
24.2 0.29 0.34 0.11 0.23 0.01 0.06 0.06 0.00 0.33 0.00 1,061
10.7 0.30 0.34 0.12 0.22 0.01 0.03 0.03 0.00 0.33 0.00 1,153
14.9 0.48 0.42 0.15 0.31 0.01 0.05 0.05 0.00 0.28 0.00 991
29.0 0.31 0.51 0.15 0.23 0.01 0.06 0.05 0.00 0.27 0.00 1,727
5.9 0.40 0.30 0.20 0.37 0.07 0.06 0.26 0.00 0.39 0.00 234
4.7 0.19 0.20 0.09 0.20 0.04 0.03 0.12 0.00 0.47 0.00 276
7.2 0.28 0.31 0.16 0.33 0.06 0.05 0.19 0.00 0.34 0.00 375
3.3 0.17 0.24 0.11 0.22 0.02 0.05 0.04 0.00 0.29 0.00 1,045
3.7 0.11 0.19 0.05 0.07 0.02 0.04 0.03 0.00 0.10 0.04 1,363
7.6 0.10 0.23 0.06 0.11 0.01 0.03 0.04 0.07 0.21 0.00 864
6.8 0.42 0.38 0.18 0.33 0.01 0.08 0.08 0.09 0.36 0.00 994
5.3 0.20 0.20 0.09 0.14 0.01 0.03 0.05 0.08 0.22 0.00 1,333
5.8 0.28 0.26 0.13 0.21 0.02 0.04 0.04 0.00 0.24 0.03 949
4.7 0.57 0.34 0.24 0.20 0.02 0.09 0.05 0.00 0.21 0.00 429
4.6 0.31 0.14 0.14 0.16 0.02 0.06 0.02 0.00 0.11 0.00 4,329
3.6 0.21 0.14 0.07 0.08 0.01 0.04 0.03 0.00 0.19 0.00 292
2.7 0.43 0.18 0.15 0.15 0.01 0.06 0.06 0.00 0.08 0.04 254
3.8 0.63 0.31 0.21 0.22 0.01 0.08 0.06 0.00 0.13 0.03 784
3.8 0.31 0.15 0.11 0.11 0.01 0.06 0.04 0.00 0.13 0.06 1,177
11.2 0.20 0.10 0.09 0.09 0.01 0.05 0.02 0.00 0.09 0.04 743
12.3 0.07 0.11 0.02 0.02 0.01 0.02 0.02 0.00 0.06 0.03 564
13.8 0.13 0.18 0.05 0.11 0.01 0.02 0.02 0.00 0.09 0.05 996
 360
13.8 0.13 0.18 0.05 0.11 0.01 0.02 0.02 0.00 0.09 0.05 996
7.3 0.07 0.11 0.04 0.07 0.01 0.02 0.03 0.00 0.10 0.06 776
9.5 0.08 0.16 0.05 0.09 0.01 0.01 0.02 0.00 0.09 0.07 587
11.2 0.13 0.25 0.09 0.19 0.03 0.03 0.05 0.00 0.16 0.12 6,553
28.8 0.07 0.08 0.03 0.04 0.01 0.01 0.01 0.00 0.06 0.04 197
31.8 0.05 0.12 0.05 0.09 0.01 0.02 0.02 0.00 0.11 0.07 239
33.9 0.03 0.13 0.02 0.07 0.01 0.01 0.02 0.00 0.08 0.04 720
147,730.1 0.15 41.27 0.08 1.35 0.18 0.01 0.45 0.00 0.27 0.02 595
151,445.7 0.43 44.72 0.09 0.98 0.11 0.09 0.34 0.00 0.19 0.03 562
142,068.5 0.31 56.93 0.11 0.82 0.10 0.02 0.24 0.00 0.09 0.01 383
4.3 0.04 0.13 0.03 0.12 0.01 0.01 0.03 0.00 0.02 0.01 368
8.1 0.14 0.31 0.10 0.20 0.01 0.05 0.04 0.00 0.20 0.00 602
5.9 0.23 0.35 0.16 0.28 0.02 0.07 0.06 0.00 0.08 0.16 290
20,862.1 0.16 16.20 0.06 0.66 0.02 0.01 0.25 0.00 0.17 0.02 2,012
43,547.2 0.07 26.07 0.03 0.84 0.07 0.00 0.52 0.00 0.53 0.09 161
70,517.9 0.03 45.23 0.03 1.87 0.18 0.00 1.04 0.00 0.40 0.05 176
16.9 0.21 0.28 0.08 0.14 0.02 0.03 0.06 0.00 0.10 0.00 523
20.3 0.14 0.25 0.05 0.07 0.01 0.03 0.05 0.00 0.13 0.03 595
28.7 0.21 0.46 0.09 0.14 0.01 0.02 0.07 0.00 0.12 0.04 562
42.8 0.27 0.46 0.08 0.18 0.01 0.05 0.05 0.00 0.21 0.04 599
36.8 0.31 0.46 0.10 0.22 0.01 0.04 0.05 0.00 0.20 0.15 945
35.4 0.33 0.46 0.12 0.24 0.01 0.05 0.06 0.00 0.12 0.04 673
7.6 0.07 0.15 0.02 0.04 0.01 0.02 0.03 0.00 0.12 0.05 507
6.5 0.04 0.11 0.01 0.03 0.00 0.01 0.01 0.00 0.07 0.02 1,609
10.5 0.05 0.16 0.02 0.03 0.01 0.01 0.02 0.00 0.14 0.03 159
1.7 0.36 0.18 0.14 0.17 0.01 0.07 0.04 0.00 0.41 0.04 246
9.3 0.10 0.17 0.04 0.07 0.01 0.05 0.03 0.00 0.16 0.05 889
1.4 0.09 0.20 0.09 0.11 0.01 0.04 0.03 0.00 0.12 0.04 634
5.8 0.21 0.09 0.07 0.06 0.00 0.04 0.02 0.00 0.05 0.03 526
10.3 0.08 0.05 0.04 0.04 0.01 0.01 0.01 0.00 0.08 0.04 434
14.8 0.10 0.11 0.02 0.04 0.01 0.02 0.01 0.00 0.07 0.03 766
7.1 0.13 0.12 0.04 0.09 0.01 0.03 0.02 0.00 0.24 0.02 630
10.4 0.10 0.17 0.04 0.07 0.03 0.01 0.02 0.00 0.14 0.03 341
14.9 0.07 0.21 0.02 0.04 0.01 0.02 0.01 0.00 0.12 0.06 2,979
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Appendix 3: Selected offshore Southeast Asia global surface geochemical 
survey database spreadsheets. 
 
Methane Ethene Ethane Propene Propane I-Butane n-Butane I-Pentane n-Pentane Total gas
110.3 0.3 1.0 0.1 0.1 0.0 0.0 0.0 0.0 111.9
455.8 0.2 4.0 0.1 0.1 0.0 0.0 0.0 0.0 460.2
59098.2 0.2 57.6 0.1 1.3 0.2 0.1 0.1 0.0 59157.6
307054.2 0.4 1067.1 0.0 191.4 347.3 4.8 19.1 0.3 308684.5
375804.8 0.3 980.1 0.1 466.2 835.1 7.3 14.2 0.1 378108.2
271572.7 0.2 808.3 0.1 220.0 412.6 3.3 12.6 0.1 273029.9
220 0.8 1.8 0.3 0.3 0.0 0.0 1.0 0.0 224.2
1269.1 0.2 1.9 0.1 0.1 0.0 0.1 0.5 0.0 1272.0
42845.6 0.2 26.0 0.1 2.1 0.1 0.1 0.1 0.0 42874.2
409.5 0.2 6.2 0.1 0.1 0.0 0.1 0.1 0.0 416.2
3521.6 0.2 15.0 0.1 0.5 0.0 0.1 0.2 0.1 3537.7
79988.7 0.3 97.2 0.1 1.9 0.1 0.1 0.1 0.0 80088.4
22.7 1.4 0.9 0.7 0.4 0.0 0.2 0.2 0.0 26.6
19.4 1.4 1.3 0.9 0.6 0.1 0.2 0.3 0.1 24.2
20.5 0.6 0.5 0.3 0.2 0.0 0.1 0.2 0.0 22.4
445.6 0.2 4.5 0.1 0.1 0.0 0.0 0.1 0.0 450.5
87209.2 0.2 81.3 0.1 1.1 0.1 0.1 0.1 0.0 87292.2
52429.2 0.2 59.4 0.1 0.9 0.0 0.1 0.1 0.0 52490.1
17.5 1.4 1.2 0.6 0.5 0.1 0.2 0.2 0.0 21.6
11.6 0.9 0.8 0.5 0.3 0.0 0.1 0.3 0.0 14.6
11.5 1.0 0.7 0.5 0.3 0.0 0.1 0.2 0.1 14.3
163.9 0.3 1.5 0.1 0.1 0.0 0.0 0.1 0.0 166.0
4802.8 0.2 12.8 0.1 0.2 0.0 0.0 0.1 0.0 4816.2
62267.3 0.2 56.9 0.1 0.9 0.1 0.1 0.1 0.0 62325.6
17.1 1.8 1.5 1.0 0.8 0.1 0.0 0.2 0.0 22.5
10 1.1 0.9 0.6 0.4 0.0 0.1 0.8 0.1 14.0
31.9 1.8 1.5 1.1 0.7 0.0 0.2 0.0 0.1 37.4
10.9 1.7 1.3 1.0 0.7 0.0 0.2 0.4 0.1 16.2
7.6 1.0 0.9 0.6 0.4 0.0 0.1 0.2 0.0 10.8
11.5 1.5 1.0 0.8 0.5 0.0 0.1 0.1 0.1 15.6
16.3 2.3 2.0 1.4 1.9 2.0 2.1 0.4 0.0 28.4
12.4 1.6 1.2 0.9 2.2 2.8 3.0 0.4 0.0 24.5
10.5 1.0 0.9 0.6 0.8 1.0 0.9 0.3 0.0 16.0
158 0.5 1.3 0.2 0.2 0.0 0.0 0.1 0.0 160.3
402.2 0.3 2.0 0.1 0.1 0.0 0.0 0.0 0.0 404.8
31901.5 0.2 6.0 0.1 0.3 0.0 0.0 0.0 0.0 31908.2
46563.6 0.2 17.1 0.1 0.4 0.1 0.0 0.1 0.0 46581.5
24337.9 0.2 7.7 0.1 0.3 0.1 0.0 0.2 0.0 24346.4
27019.4 0.2 7.9 0.1 0.3 0.1 0.0 0.1 0.0 27028.1
92.7 0.3 1.1 0.2 0.1 0.0 0.0 0.0 0.0 94.5
25825.5 0.2 6.6 0.1 0.3 0.0 0.0 0.0 0.0 25832.8
51983.3 0.3 9.4 0.1 0.4 0.1 0.1 0.0 0.0 51993.6
83.6 2.1 2.0 1.3 0.9 0.1 0.4 0.4 0.1 90.8
187.1 0.9 1.7 0.5 0.3 0.1 0.1 0.1 0.1 190.9
5772.3 0.2 5.3 0.1 0.3 0.0 0.0 0.0 0.0 5778.3
122.6 1.0 2.1 0.5 0.4 0.0 0.1 0.1 0.1 126.8
208 0.3 2.9 0.2 0.2 0.0 0.0 0.0 0.0 211.5
1550.8 0.2 7.8 0.1 0.2 0.0 0.0 0.1 0.0 1559.2
165.8 1.0 1.6 0.5 0.4 0.0 0.1 0.2 0.1 169.6
44638.1 0.4 9.1 0.2 0.7 0.1 0.1 0.1 0.0 44648.8
26871.4 0.4 7.0 0.2 0.6 0.2 0.0 0.3 0.0 26880.0
10.7 0.7 0.6 0.4 0.3 0.0 0.1 0.1 0.0 13.0
11.2 0.7 0.6 0.4 0.3 0.0 0.1 0.0 0.0 13.3
9.4 0.7 0.6 0.4 0.3 0.0 0.1 0.0 0.0 11.6
67558.2 0.1 96.2 0.1 4.6 0.5 0.2 0.1 0.0 67660.0
78308.8 0.2 102.6 0.1 6.1 0.6 0.2 0.1 0.0 78418.6
37427.5 0.2 60.8 0.1 2.5 0.2 0.1 0.1 0.0 37491.3
90.4 1.3 1.6 0.7 0.5 0.0 0.1 0.2 0.1 94.9
115.3 0.4 0.9 0.2 0.2 0.0 0.0 0.1 0.0 117.2
174.8 0.3 2.3 0.1 0.1 0.0 0.0 0.2 0.0 177.8
93.2 0.3 1.4 0.2 0.2 0.0 0.0 0.1 0.0 95.4
140.1 0.2 2.2 0.1 0.1 0.0 0.0 0.1 0.0 142.8
490.8 0.2 10.1 0.1 0.1 0.0 0.0 0.0 0.0 501.3
133.1 0.2 1.7 0.1 0.1 0.0 0.0 0.0 0.0 135.2
314.3 0.2 5.1 0.1 0.1 0.0 0.0 0.1 0.0 319.9
78242 0.2 82.3 0.1 1.3 0.1 0.1 0.0 0.0 78326.1
13649.5 0.1 21.6 0.1 0.3 0.0 0.0 0.2 0.0 13671.9
41023.1 0.2 46.0 0.1 0.7 0.1 0.1 0.0 0.0 41070.3
31438.9 0.2 53.5 0.1 0.8 0.1 0.0 0.1 0.0 31493.6
203.6 1.1 1.6 0.5 0.3 0.0 0.3 2.2 0.0 209.6
9186.2 0.2 12.8 0.1 0.6 0.0 0.1 1.7 0.0 9201.5
67773.9 0.3 31.3 0.1 1.4 0.2 0.1 0.1 0.0 67807.4
133.1 0.2 1.3 0.1 0.1 0.0 0.0 0.1 0.1 134.8
2933.1 0.3 10.3 0.1 0.1 0.0 0.0 0.1 0.0 2944.0
82624 0.3 69.9 0.1 0.7 0.1 0.1 0.2 0.0 82695.3
37.6 1.2 0.6 0.5 0.3 0.0 0.1 0.2 0.1 40.6
20.7 1.5 1.2 0.8 0.5 0.0 0.1 0.1 0.1 25.0
12.5 1.2 0.9 0.7 0.4 0.0 0.1 0.2 0.1 16.2
76.5 1.0 1.2 0.5 0.5 0.0 0.1 0.2 0.0 80.0
85.6 0.4 0.8 0.2 0.1 0.0 0.1 0.2 0.0 87.3
196.2 0.5 1.6 0.2 0.1 0.0 0.0 0.1 0.1 198.8
13.3 1.8 1.6 1.1 0.8 0.1 0.2 0.1 0.0 18.9
26.4 1.4 0.9 0.7 0.5 0.1 0.2 0.2 0.0 30.4
7.5 1.0 0.7 0.5 0.3 0.1 0.1 0.0 0.0 10.3
21.9 1.6 1.3 0.8 0.6 0.1 0.2 0.1 0.1 26.7
20.2 1.8 1.3 1.0 0.6 0.1 0.2 0.1 0.1 25.2
11.9 1.1 0.9 0.6 0.4 0.1 0.2 0.4 0.1 15.5
13 1.6 1.0 0.8 1.1 1.1 1.4 0.4 0.0 20.5
15.2 1.4 1.2 0.8 1.0 0.9 1.2 0.1 0.0 21.7
23 1.9 1.7 1.1 1.5 1.5 1.6 0.0 0.0 32.2
20.9 2.4 2.1 1.5 1.2 0.1 0.6 0.1 0.2 29.0
17.2 2.4 1.5 1.2 0.7 0.0 0.3 0.1 0.0 23.3
12.5 1.6 0.6 0.7 0.4 0.0 0.1 0.1 0.1 16.1
22.3 1.9 1.4 1.1 0.8 0.0 0.2 0.1 0.1 27.9
16.8 1.7 1.3 0.9 0.6 0.1 0.3 0.1 0.2 21.9
30.8 2.2 1.8 1.2 0.9 0.0 0.4 0.5 0.1 37.8
25.6 1.8 1.1 0.9 0.6 0.0 0.1 0.2 0.2 30.3
39.9 2.5 1.5 1.2 0.7 0.0 0.3 0.4 0.1 46.5
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16.3 1.6 1.4 0.9 0.8 0.0 0.2 0.1 0.1 21.4
12.6 1.3 1.2 0.7 0.7 0.0 0.2 0.0 0.0 16.8
11 1.3 1.1 0.7 0.5 0.1 0.3 0.3 0.0 15.2
6.8 0.7 0.3 0.3 0.2 0.0 0.1 0.0 0.0 8.3
10.3 1.1 0.9 0.6 0.4 0.1 0.2 0.2 0.0 13.7
12.6 1.5 1.1 0.8 0.6 0.1 0.3 0.1 0.0 17.0
21.3 2.4 2.3 1.4 1.0 0.1 0.4 0.1 0.1 29.0
14.5 2.2 1.8 1.2 1.0 0.2 0.4 0.1 0.1 21.5
12.1 1.7 1.5 1.0 0.7 0.2 0.3 0.2 0.1 17.8
14.7 1.9 1.8 1.2 1.0 0.2 0.4 0.1 0.0 21.4
14.7 0.7 0.4 0.3 0.2 0.0 0.1 0.0 0.0 16.4
47.7 1.6 1.1 0.8 0.6 0.1 0.2 0.1 0.0 52.1
32.3 0.5 0.2 0.2 0.1 0.0 0.1 0.1 0.0 33.5
12.5 1.3 1.0 0.7 0.5 0.1 0.2 0.1 0.0 16.3
14.8 1.4 1.3 0.8 0.6 0.0 0.3 0.4 0.1 19.8
45.7 0.9 0.7 0.4 0.3 0.0 0.2 0.1 0.0 48.3
100.9 1.3 1.0 0.6 0.4 0.1 0.2 0.1 0.0 104.6
25.9 1.5 1.4 0.8 0.6 0.1 0.3 0.2 0.0 30.9
10.8 0.8 0.5 0.4 0.2 0.0 0.1 0.0 0.0 12.8
17.8 1.3 0.9 0.7 0.5 0.0 0.1 0.1 0.0 21.5
8.8 1.1 1.1 0.6 0.5 0.1 0.1 0.0 0.0 12.4
22.2 1.3 1.2 0.7 0.6 0.0 0.1 0.0 0.0 26.2
24.9 1.7 1.2 0.9 0.7 0.1 0.2 0.0 0.1 29.7
24.7 1.2 0.6 0.6 0.4 0.0 0.1 0.0 0.0 27.7
51.9 1.2 0.9 0.6 0.4 0.0 0.2 0.1 0.1 55.3
17.1 2.2 2.1 1.3 1.0 0.1 0.3 0.1 0.0 24.2
10.7 1.3 1.1 0.7 0.5 0.1 0.2 0.1 0.0 14.7
11.5 1.6 1.1 0.8 0.5 0.1 0.2 0.1 0.1 15.9
19.6 1.6 1.2 0.9 0.6 0.1 0.1 0.1 0.0 24.2
25.1 1.7 1.3 0.9 0.6 0.1 0.2 0.3 0.1 30.3
15.2 1.2 1.0 0.8 0.4 0.1 0.2 0.1 0.1 18.9
20.1 1.7 1.6 1.0 0.8 0.1 0.3 0.1 0.0 25.7
90.1 2.4 2.1 1.3 0.9 0.1 0.4 0.4 0.0 97.6
16.9 0.9 0.7 0.5 0.3 0.0 0.1 0.0 0.0 19.5
102.2 1.5 1.2 0.9 0.6 0.1 0.3 0.1 0.0 106.8
17.1 1.2 0.8 0.6 0.4 0.1 0.2 0.1 0.1 20.4
201.5 0.8 0.6 0.5 0.3 0.0 0.1 0.0 0.0 203.9
31.3 2.2 1.5 1.1 0.7 0.1 0.4 0.4 0.1 37.7
17 1.8 1.4 1.0 0.6 0.1 0.3 0.4 0.0 22.6
19 2.4 2.0 1.3 0.9 0.1 0.5 0.4 0.1 26.7
19.5 1.7 1.1 0.8 0.5 0.1 0.3 0.1 0.1 24.2
12.5 1.4 1.1 0.8 0.6 0.1 0.2 0.1 0.0 16.6
10.4 1.1 0.9 0.7 0.4 0.0 0.1 0.1 0.0 13.6
15.9 1.9 1.1 1.0 0.5 0.1 0.2 0.2 0.0 21.0
17.9 1.3 0.8 0.6 0.4 0.0 0.2 0.2 0.1 21.5
13.8 1.0 0.6 0.5 0.2 0.0 0.1 0.1 0.0 16.4
32.8 2.2 1.6 1.2 0.9 0.1 0.2 0.0 0.1 39.0
25.9 1.6 1.0 0.8 0.5 0.0 0.1 0.1 0.1 30.0
20.8 0.9 0.5 0.5 0.3 0.0 0.1 0.1 0.0 23.1
15.5 1.9 1.6 1.1 0.7 0.1 0.4 0.1 0.0 21.3
9.8 0.8 0.5 0.4 0.2 0.0 0.1 0.0 0.0 11.9
16.3 1.7 1.6 1.0 0.7 0.1 0.4 0.2 0.1 21.9
15.7 1.7 1.0 0.8 0.5 0.1 0.3 0.4 0.1 20.4
22.1 2.3 1.9 1.3 0.9 0.1 0.4 0.6 0.1 29.7
20 1.5 1.2 0.8 0.5 0.1 0.2 0.3 0.0 24.6
28.5 1.8 1.2 0.9 0.5 0.1 0.3 0.3 0.0 33.6
29.9 1.1 0.7 0.5 0.3 0.1 0.1 0.1 0.0 32.8
15.9 0.8 0.5 0.4 0.2 0.0 0.1 0.1 0.0 18.1
13.6 1.1 0.8 0.6 0.4 0.1 0.2 0.1 0.0 16.8
62.9 0.5 0.3 0.2 0.1 0.0 0.1 0.0 0.0 64.2
32.3 0.8 0.6 0.4 0.2 0.0 0.1 0.0 0.0 34.6
18.2 2.2 1.9 1.2 0.8 0.1 0.4 0.4 0.0 25.3
16.5 1.5 1.3 0.9 0.6 0.1 0.2 0.2 0.2 21.4
333.6 1.1 0.9 0.6 0.4 0.1 0.1 0.1 0.0 336.8
13.9 1.8 1.4 0.9 0.6 0.1 0.2 0.2 0.0 19.0
13.9 1.4 0.9 0.8 0.4 0.1 0.2 0.1 0.1 17.8
37.3 0.9 0.6 0.5 0.2 0.1 0.1 0.1 0.0 39.9
40.7 1.7 1.2 0.9 0.6 0.1 0.2 0.0 0.1 45.5
32.5 2.2 1.8 1.2 0.9 0.1 0.4 0.1 0.1 39.2
69.1 1.9 2.0 1.0 0.8 0.1 0.3 0.1 0.1 75.2
116.3 1.3 1.0 0.8 0.5 0.1 0.2 0.1 0.1 120.2
149.2 2.2 1.8 1.3 0.9 0.1 0.2 0.0 0.1 155.8
46.4 2.5 2.4 1.5 1.1 0.1 0.4 0.1 0.2 54.7
12.1 1.8 1.5 1.0 0.7 0.0 0.2 0.1 0.1 17.4
20.3 1.3 0.8 0.7 0.5 0.1 0.2 0.1 0.0 23.8
13.9 1.3 0.8 0.6 0.4 0.0 0.2 0.1 0.1 17.3
23.4 2.5 2.2 1.5 1.0 0.0 0.4 0.1 0.2 31.3
101.9 1.5 1.0 0.8 0.6 0.1 0.1 0.1 0.1 106.1
78 2.1 1.5 1.2 0.7 0.1 0.3 0.1 0.1 84.1
86.9 2.0 1.7 1.2 0.8 0.1 0.3 0.1 0.2 93.3
162.4 1.9 1.1 1.0 0.6 0.1 0.2 0.1 0.1 167.4
44.7 1.7 1.2 1.0 0.7 0.1 0.2 0.1 0.0 49.8
104.8 1.6 1.4 0.9 0.6 0.1 0.2 0.0 0.1 109.6
219.4 0.9 0.5 0.4 0.2 0.0 0.1 0.0 0.1 221.7
220.2 1.4 1.0 0.8 0.5 0.1 0.2 0.0 0.1 224.2
365 0.9 0.8 0.5 0.4 0.1 0.1 0.1 0.0 368.0
119.5 0.6 0.7 0.3 0.2 0.1 0.1 0.1 0.0 121.5
138.1 0.4 0.8 0.2 0.2 0.1 0.1 0.1 0.0 140.0
240.2 1.9 1.7 1.2 0.8 0.1 0.3 0.1 0.1 246.3
50.4 0.7 0.3 0.3 0.2 0.0 0.1 0.1 0.0 52.2
7848.5 0.4 0.4 0.2 0.2 0.0 0.0 0.0 0.0 7849.8
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196.8 1.9 1.5 1.1 0.7 0.1 0.2 0.0 0.1 202.4
75.1 1.9 1.6 1.1 0.7 0.1 0.4 0.1 0.0 81.0
3495 0.7 0.6 0.3 0.2 0.0 0.1 0.0 0.0 3496.9
80.2 1.9 1.5 1.0 0.7 0.1 0.2 0.1 0.0 85.5
33.6 1.0 0.8 0.5 0.4 0.1 0.1 0.1 0.0 36.5
1406.8 0.5 0.5 0.3 0.3 0.0 0.1 0.0 0.0 1408.4
110.4 1.7 1.3 1.0 0.7 0.0 0.3 0.1 0.1 115.7
144.1 1.0 0.7 0.5 0.3 0.1 0.1 0.1 0.1 146.9
4772.4 0.5 1.0 0.3 0.2 0.0 0.1 0.0 0.0 4774.4
80.7 1.7 1.2 1.0 0.7 0.1 0.2 0.0 0.1 85.5
28.1 1.3 0.9 0.7 0.4 0.1 0.2 0.2 0.1 31.9
82.9 1.9 1.6 1.1 0.8 0.1 0.3 0.2 0.1 88.9
40.1 1.6 0.8 0.8 0.4 0.1 0.2 0.1 0.0 44.1
13.1 0.9 0.5 0.4 0.3 0.0 0.1 0.0 0.0 15.3
16.2 2.1 1.6 1.1 0.8 0.1 0.3 0.1 0.1 22.4
31.5 2.4 2.1 1.5 1.0 0.1 0.6 0.2 0.1 39.5
144.5 1.7 1.4 1.0 0.6 0.1 0.3 0.2 0.1 149.7
14.4 1.3 1.0 0.8 0.5 0.0 0.2 0.1 0.0 18.2
29.9 2.0 1.6 1.1 0.8 0.1 0.4 0.4 0.0 36.3
74.9 1.5 1.2 0.8 0.5 0.1 0.2 0.3 0.1 79.6
27.9 1.1 0.5 0.5 0.2 0.0 0.1 0.1 0.1 30.5
23.3 1.7 1.3 0.9 0.6 0.1 0.3 0.4 0.1 28.7
22.2 1.4 1.0 0.8 0.5 0.1 0.3 0.3 0.1 26.6
53.7 1.4 1.3 0.8 0.6 0.0 0.2 0.1 0.1 58.2
73.5 1.7 1.2 0.9 0.6 0.1 0.3 0.2 0.0 78.4
82.8 0.9 0.5 0.4 0.3 0.1 0.1 0.1 0.1 85.2
26.3 0.7 0.5 0.4 0.3 0.0 0.1 0.1 0.0 28.4
41 1.3 0.9 0.7 0.4 0.1 0.2 0.3 0.0 45.0
27.8 1.3 1.0 0.7 0.5 0.1 0.3 0.4 0.0 32.1
264.8 1.3 1.0 0.7 0.4 0.1 0.2 0.2 0.0 268.6
 364
THS % wet δ13C1 δ13C2 δ13C3 δ13CCO2
378108.2 0.6 -46.1 -32.8 -26.7 -29.4
80088.4 0.1 -12.7 -20.2 -20.1 -9.2
87292.2 0.1 -81.8 -36.9 nd -57.3
62325.6 0.1 -60.4 -32.6 nd -47.8
31908.2 0.0 -91.7 -37.1 nd -57.7
46581.5 0.0 -62.9 -32.9 nd -48.4
51993.6 0.0 -77.9 -33.9 nd -30.9
44648.8 0.0 -91.7 -37.2 nd -59.6
78418.6 0.1 -71.2 -33.3 -28.7 -32.6
78326.1 0.1 -77.4 -33.6 nd -33.4
31493.6 0.2 -56.9 -31.6 nd -36.5
67807.4 0.0 -80.7 -33.9 nd -51.8
82695.3 0.1 -67.9 -32.7 nd -39.5
7849.8 0.0 -101.3 nd nd nd
3496.9 0.1 -115.3 nd nd nd
4774.4 0.0 -108.4 nd nd nd
 365
 Appendix 4: Thesis related publications and conference presentations. 
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American Association Petroleum Geology International and Exhibition Abstracts 
Perth Australia, November 5-8, 2006 
 
Empirical observations from global surface and 
subsurface calibration geochemical database 
 
Michael A. Abrams 
 
ABSTRACT 
A worldwide surface geochemistry (SG) calibration dataset with over 20,000 
surface core and well locations from over 30 petroleum and non-petroleum 
bearing basins, both onshore and offshore areas, has been organized as part of 
an industry supported research project. The SG calibration dataset includes 
both published and proprietary surface geochemical survey data, regional 
(site specific) and prospect delineation (grid) surveys, and detailed 
hydrocarbon (gas and oil) molecular data from near-surface soil and sediment 
measurements and subsurface exploration tests.  
The global SG calibration database demonstrates key problems with several 
surface geochemical methods currently undertaken by many commercial 
contractors. Most of the collection and analytical procedures provide 
hydrocarbon compositions significantly different than hydrocarbons collected 
in petroleum reservoirs. Several SG calibration surveys with positive 
petroleum indicators based on contractor interpretations were found to have 
no hydrocarbons at depth.  These differences are in part related to analytical 
procedures used to extract light and high molecular weight hydrocarbons 
from surface soil and sediments.  In addition, interpretations often confused 
background, transported, and reworked hydrocarbons with localized 
migrated hydrocarbons. Proper interpretation of near-surface geochemical 
data requires the recognition of many problems such as background versus 
anomalous, recent organic matter interference and sorption, transported or 
reworked hydrocarbons, bacterial alteration, mixing with hydrocarbons from 
multiple origins, laboratory or field contamination, and fractionation-
partitioning effects. It is also very important to understand basin geology to 
properly use near-surface geochemical measurements as a predictive 
 387
exploration and prospecting tool especially in areas of structurally complex 
geology and multiple fluid flow directions. 
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American Association Petroleum Geology International and Exhibition Abstracts 
Perth Australia, November 5-8, 2006 
 
Development of methods to collect and analyze gasoline 
 range (C5 to C10) hydrocarbons from seabed sediments 
 
Michael A. Abrams, Eva Francu, and Nick Dahdah 
 
ABSTRACT 
Gasoline range hydrocarbons (C5 to C10) are usually associated with 
petroleum generation. Up to present few surface geochemical surveys have 
attempted to evaluate gasoline range hydrocarbons in near-surface marine 
sediments. The key to sampling these light hydrocarbons in marine sediments 
is to capture and analyze them with minimum loss or fractionation using a 
solvent-less method. In this study, a Solid Phase MicroExtraction (SPME) 
method was tested for this purpose. SPME was initially developed for 
analyses of volatile aromatic hydrocarbons (BTEX) using fused silica fiber 
coated with PDMS (polydimethylsiloxane liquid) immersed to aqueous phase. 
Subsequent investigations showed that much better results were reached if 
the fiber was exposed to a headspace above the solution (HSPME - Headspace 
Solid Phase MicroExtraction). 
 
The sediment seepage HSPME extraction method is based on the condition 
that phase/composition equilibrium is reached between sediment/saline 
water mix, disrupter headspace, and SPME fiber coated with sorbent. In our 
experiments, we evaluated the effectiveness of HSPME to detect and measure 
low concentrations of migrated crude oil in marine sediments. The following 
optimum laboratory procedure for HSPME gasoline monitoring was 
established: collect sample in sealed disrupter chamber, use water bath to 
keep stable laboratory temperature, NaCl saturated solution to help aromatic 
compound move out of the solution to vapor phase, and sufficient time to 
reach equilibrium. The results show that HSPME is very sensitive with 
detection limit of approximately 6 ppm. HSPME proved to be suitable to 
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reveal the natural background and microseepage level of gasoline 
hydrocarbons in marine sediments.  
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American Association Petroleum Geology Convention Abstracts 
Annual AAPG Convention, Houston, Texas, April 9-12, 2006 
 
Variation in Seabed Geochemical Signature 
Relative to Reservoir Hydrocarbons 
 
Michael A. Abrams and Harry Dembicki 
 
ABSTRACT 
Site specific seabed geochemical samples are commonly collected along 
major migration pathways to evaluate subsurface petroleum charge systems. 
Comparison of sediment interstitial gas (headspace) and hexane extracted C15 
plus hydrocarbons indicate surface molecular compositions can differ from 
the reservoir hydrocarbons even in areas with active petroleum seepage. 
Several possible explanations for the discrepancies include: migration 
fractionation, mixing with near-surface hydrocarbons unrelated to seepage 
(bacterial and transported-reworked), secondary alterations (biodegradation, 
dissolution/water washing, and oxidation), and/or fractionation in sediment 
collection-extraction process. Recognition of these differences is very 
important when evaluating seabed derived geochemical data. Conventional 
interpretation schemes designed for reservoir fluids and gases usually do not 
work with surface derived seep samples. 
Sediment seep gases (anomalous population) can contain gas wetness in 
excess of 70% (C2-C5/C1-C5) when the reservoir gases are only 20 to 30% wet. 
Background sediment gases (low concentration samples) also will contain 
samples with elevated gas wetness (greater than 25%). and are often confused 
with true seep gases.  Carbon and hydrogen compound specific isotopes will 
assist in evaluating anomalous gas origin but caution should be used since 
carbon isotopic measurements on sediment gases can be altered by shallow 
microbial processes and mixed with near-surface derived gases.  
Conventional biomarker parameters from sediment extracted seep samples 
rarely match the corresponding reservoir fluid. In part this is due to 
dissolvable recent organic matter (ROM) material and secondary alterations. 
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Use of novel biomarker ratios which are less susceptible to interferences by 
ROM and biodegradation provide values more similar to reservoir fluids.   
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American Association Petroleum Geology Convention Abstracts 
Annual AAPG Convention, Long Beach, California, April 1-4, 2007 
 
Sediment gases as indicators of subsurface hydrocarbon generation and 
entrapment - examining the record both in laboratory and field studies 
 
Michael A. Abrams and Nicola F. Dahdah 
 
ABSTRACT 
Near-surface marine sediment gases are commonly examined in surface 
geochemistry surveys to evaluate hydrocarbon generation and petroleum 
entrapment. Sediment gases can reside in interstitial spaces; bound to mineral 
or organic surfaces; and/or entrapped in carbonate inclusions. Removing 
sediment gases with minimal composition and isotopic fractionation can be a 
relatively difficult process. Multiple methods are currently available to 
remove and characterize surface sediment gases. Contractors provide field 
studies which indicate their sediment gas extraction method is best but few 
have rigorously tested their methods in a laboratory under controlled 
conditions. The key to calibration experiments is to know what ground zero is 
(charge gas composition) and thus have a basis to gauge the gas extraction 
effectiveness.   
 
Marine sediments were cleansed of in-situ light hydrocarbons and bacteria, 
then homogenized. Replicate sediment samples were charged with different 
gas types and concentration levels.  Some replicate samples were not charged 
as control samples. The sediments samples were sent to several laboratories 
for gas extraction and characterization using different analytical procedures; 2 
different headspace (interstitial) procedures, 2 different adsorbed (acid 
extraction) procedures, ball mill (occluded), and a new interstitial gas 
extraction method (disrupter). The results were compared to charge gases and 
each method evaluated. 
 
Based on the laboratory calibration experiments, we can show several 
extraction methods provide sediment gas measurements very similar to the 
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charge gases both compositionally and isotopically. But several sediment gas 
extraction methods provided results with systematic errors indicating the pre-
processing and analytical procedures have altered the original gas 
compositions.  
 
 
 
